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Cienega Flow Mapping 9/5

		From

		Mead Mier

		To

		MMier@pagnet.org

		Recipients

		MMier@pagnet.org



Dear Cienega Contacts,

PAG will be conducting the Fall "wet-dry" mapping walk-through of lower Cienega Creek in the County Natural Preserve on Thursday Sept 5th, 2013.

Please let me know if you would like to join us for a day of information exchange and if you can bring a four wheel drive.
We will meet at the Quick Mart at 7am in Vail.
Plan to not be back in town before 6pm although we have ended as early as 3 in the past.
Bring lunch, plenty of water, shoes to rock hop or trek through water and sand, long pants, sun protection.

Thank you to all who were able to attend in June. Your insight is always valuable.  
Unfortunately, the perennial flow extent was reduced to 0.93 miles in June 2013, the lowest flow extent on record and 0.31 miles shorter than last June.  This is 25% lower over one year. The 0.93 miles of flow is  10% of the flow extent compared to the wet years in the mid 1980s when fully 9.5 miles flowed in Preserve during the dry season. 
(see attached)



Sincerely,
Mead





Mead Mier
Senior Watershed Planner
Sustainable Environment Program 
Pima Association of Governments (PAG)
177 N Church Ave, Suite 405, Tucson, Arizona 85701
520-495-1464   MMier@PAGnet.org


Join us on Facebook: Clean Water Starts With Me!
Also on Facebook: Cienega Watershed Partnership
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Drought Impacts on Flow Extent
Along Lower Cienega Creek

PG5

Pima Association of Governments

Marsh Station Bridge
Streamflow Site
on Cienega Creek

Cienega Creek experienced record breaking drought conditions in
summer 2013. Prolonged drought impacts the creek by decreasing

flow volume and extents.

PAG monitors streamflow quarterly in the Pima County Natural Preserve.
The flow extent is measured during the PAG walk-through of the Preserve
from the 1-10 overpass to the dam. May-July is the driest season in
Arizona, making it the best time to estimate the minimum perennial
streamflow.

The perennial flow extent was reduced to 0.93 miles in June 2013,

the lowest flow extent on record and 0.31 miles shorter than the
previous June. This is only 10% of the flow extent compared to the

wet years in the mid 1980s when fully 9.5 miles flowed in Preserve
during the dry season.
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Climate change and riparian ecosystems in Western US

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



You may be familiar with this lit review by Perry et al.  already



 



http://www.fort.usgs.gov/Products/Publications/23228/23228.pdf



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov



 






ET and climate change

		From

		Julia Fonseca

		To

		'Julie Stromberg'

		Cc

		Leidy, Robert

		Recipients

		jstrom@asu.edu; Leidy.Robert@epa.gov



Hi, Julie,



 



I recall you once shared with me a graph relating change in temperature to riparian ET, but I could not find it in my files.  Robert Leidy, EPA Senior Scientist in SF, would appreciate any information you might have, and so would I.  



 



BTW, last week I observed recent ongoing die-off of cottonwoods and mesquite bosque going on in parts (less than 10%?) of the San Pedro Valley north of Redington, south of San Manuel.   We are losing more of the bosque in the Cienega Creek Natural Preserve during the time period 2005-2011, too.  The recent LiDAR work supports a decline in canopy height in that plant community.  And Miguel Villareal has documented loss of bosque along Davidson, most of it during 2002-2006 drought.



 



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov
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Drought Impacts on Flow Extent
Along Lower Cienega Creek

PG5

Pima Association of Governments

Marsh Station Bridge
Streamflow Site
on Cienega Creek

Cienega Creek experienced record breaking drought conditions in
summer 2013. Prolonged drought impacts the creek by decreasing

flow volume and extents.

PAG monitors streamflow quarterly in the Pima County Natural Preserve.
The flow extent is measured during the PAG walk-through of the Preserve
from the 1-10 overpass to the dam. May-July is the driest season in
Arizona, making it the best time to estimate the minimum perennial
streamflow.

The perennial flow extent was reduced to 0.93 miles in June 2013,

the lowest flow extent on record and 0.31 miles shorter than the
previous June. This is only 10% of the flow extent compared to the

wet years in the mid 1980s when fully 9.5 miles flowed in Preserve
during the dry season.
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This is some of the work along the San Pedro, documenting the interaction of different source waters, and the overall message that riparian plant communities that rely on floodwater recharge are more vulnerable to climate change, and gaining reaches are more tied to the groundwater resource than losing reaches.
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Riparian Aquifer Water Budgets, Climate and Vegetation Change





T. Meixner, J. Hogan, J. Stromberg, K. Baird, M. Baillie, L. Klassner, P. Brooks, D. Goodrich, H. Ajami, L. Vionnet, C. Vionnet, L. de la Cruz, A. McCoy, S. Simpson, C. Soto, S. Treese


University of Arizona – Hydrology and Water Resources, SAHRA, Arid Lands





Arizona State University – Department of Biology





USDA-ARS Southwest Watershed Research Center














*








			Where does water in the river come from?





Basin groundwater


Flood driven bank storage and riparian aquifer recharge


Human related sources – agricultural returns and WWTP


			Are source and vegetation related?


			How important are floods?





Annual and decadal scale variability could influence.


Seasonality of flooding – winter vs summer vs managed


			What about this is important for management?





Floods are important


Mechanism not completely understood so specific plans of action are not yet possible


Overview
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Riparian Water Source
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			  Isotopes of water – natural tracer of source


			  Riparian wells span range between end members


			  Baseflow skewed toward monsoon runoff


			  Quantify % using simple mixing model


			  Uncertainty associated with runoff end member
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Riparian Aquifer Water Budget
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Flow is always upward at Lewis Springs
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Flow Towards River


Flow Away From River
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Losing reach
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Gaining vs Losing


Basin Groundwater in Riparian Wells
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Groundwater inflow from south?





Gaining Reach


Losing Reach
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Pool and Coes (1999) 





Demonstrate decrease in summer flows over 20th century 





Little change in winter flows





Flood recharge of riparian aquifer  increasing? decreasing?





Annual


Summer


Winter


Runoff








*














*








			Importance of Alluvial Aquifers in Semi-Arid Systems 





Riparian ecosystems (Stromberg et al)


Physical integrators  (Hogan)


Provide water for human and ecological systems 


			Take home message





We know flood recharge is an important water source in the San Pedro.


We know it is affected by climate related flood variability 


But we do not understand the mechanism and the dynamic link to climate.
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SWAT -   Nutrient Flood Flows


KINEROS – Sediment Flood Flows


Flood Flows


Basin Groundwater


Nutrient Rich Downstream 


Flood Waters


In River/Riparian ET/ Nutrient Processing
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Decadal Scale Climate Variability


Riparian Vegetation Change 


EPA STAR


1) Riparian aquifer recharge depends on flood characteristics and dominates in reaches with minimal regional aquifer connection.


2)  Riparian vegetation structure responds non-linearly as riparian aquifers are dewatered and thresholds for survivorship are exceeded. 


3)  Decadal scale climate variability alters riparian ecosystem water budgets and ecosystem structure and function.
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Climate Sensitivity
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Alluvial Aquifer Monsoon Recharge


			Is this water “new”?


			This effects current sustainable flow calculations





Traditional assumption is basin groundwater budget need not account for floods


Assumption needs to be reassessed


			Monsoon flood recharge may not be “additional water”





Old water versus new water debate


Mechanism may be similar here


Flood waters observed may have simply displaced existing water


Flood wave water may have been added to the “top” of the aquifer


			What fraction of flood waters are basin groundwater?


			How much of monsoon water presence in alluvial aquifer displaces existing groundwater versus adds new water to alluvial aquifer?
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Alluvial Aquifers


			Science





Semi-arid systems ideal to study alluvial aquifers


Isolation from hillslope processes


Mechanism of interaction, storage and release 


Interesting interaction between storm behavior (Huth et al. 2006)


And seasonal to inter-annual behavior (Baillie and Hogan 2006)


			Broader Impacts





Critical for 


Sustaining streamflow


Sustaining vegetation


Susceptible to 


Human Impacts


Changes in Flood Patterns


Changes in Climate
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San Pedro Riparian 


	Seasonal ET curves 


Spring ET


Summer ET


Fall ET


Work from U of A and ARS has resulted in seasonal ET rate curves for major plant functional groups
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												Cottonwood																mesquite																								sacaton



				1.83				April				30				54.885				2.8412295082								0.919				April				30				27.57				1.3101229508												jan				31



				3.82				May				31				118.43												1.689				May				31				52.3475																feb				28



				5.70				June				30				171.14				4.1950819672								3.963				June				30				118.895				4.2868744313								0.58				march				31



				4.92				July				31				152.38												4.538				July				31				140.669091954												0.66				april				30				19.905				1.1923803279



				3.31				Aug				31				102.46												4.714				Aug				31				146.1405												1.70				may				31				52.8302



				2.86				Sept				30				85.82												3.910				Sept				30				117.29408867												2.67				june				30				80.238				3.3367581967



				1.30				Oct				31				40.24				0.6816393443								2.187				Oct				31				67.794				1.4817957125								3.33				july				31				103.1308



				0.04				Nov				30				1.34												0.753				Nov				30				22.5955384615												4.07				aug				31				126.0987



																																																				3.25				sept				30				97.617



																																																				2.15				ovt				31				66.5291				1.4493131148



																																																				0.73				nov				30				21.879



																																																				0.27				dec				31



																																				emergent



																																				Depth to water				ET flux rate								april				oct



								Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent								20				0				0				0				0



				April/May				1.31				2.84				2.00				1.19				7.48				3.00								0				2.3				0.6571428571				1.9714285714				0.9857142857



				June/Sept				4.29				4.20				4.80				3.34				6.73				3.50								-4				3.2				0.9142857143				2.7428571429				1.3714285714



				Oct/Nov				1.48				0.68				2.00				1.45				4.29				1.50								-7				3.5				1				3				1.5



				Dec/March				0.00				0.00				0.00				0.00				3.77				0.00								-10				3.5				1				3				1.5



																																				-15				3.2				0.9142857143				2.7428571429				1.3714285714



																																				-33				2				0.5714285714				1.7142857143				0.8571428571



																																				-75				0				0				0				0



																																				Depth to water				april				june				oct



																																				20.00				0.00				0.00				0.00



																																				0.00				1.97				2.30				0.99



																																				-4.00				2.74				3.20				1.37



																																				-7.00				3.00				3.50				1.50



																																				-10.00				3.00				3.50				1.50



																																				-15.00				2.74				3.20				1.37



																																				-33.00				1.71				2.00				0.86



																																				-75.00				0.00				0.00				0.00











				



																																								April/May				6																												June/Sept				5.8																												Oct/Nov				3.45																												Dec/March				3.1																												4-season				Spring				7.5134146341												April/May				6								5.8666666667								0.5166666667



																																																																																																																																																																												Summer				6.256043956												June/Sept				5.8																0.5344827586



																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88



				261.5				4.3				4.18				4.85				4.18				4.85



				262.5				6.0				5.58				6.31				5.58				6.31



				263.5				5.2				4.64				5.31				4.64				5.31



				264.5				3.4				2.44				2.75				2.44				2.75



				265.5				6.1				4.73				5.37				4.73				5.37



				266.5				4.9				4.19				4.7				4.19				4.7



				267.5				2.0				2.25				2.59				2.25				2.59



				268.5				4.0				3.9				4.69				3.9				4.69



				269.5				6.0				4.83				5.44				4.83				5.44



				270.5				6.3				5.03				5.83				5.03				5.83



				271.5				6.1				5.27				6.07				5.27				6.07



				272.5				5.1				4.71				5.36				4.71				5.36



				273.5				5.6				5.19				5.79				5.19				5.79



				274.5				3.8				3.91				4.36				3.91				4.36



				275.5				5.0				4.37				5.05				4.37				5.05



				276.5				5.4				4.99				5.66				4.99				5.66



				277.5				5.8				5.01				5.78				5.01				5.78



				278.5				5.5				4.95				5.8				4.95				5.8



				279.5				4.8				5.05				5.81				5.05				5.81



				280.5				1.2				1.62				1.94				1.62				1.94



				281.5				4.8				3.69				4.4				3.69				4.4



				282.5				5.7				4.77				5.54				4.77				5.54



				283.5				5.2				5.6				6.31				5.6				6.31



				284.5				4.6				5.75				6.59				5.75				6.59



				285.5				5.3				3.91				5				3.91				5



				286.5				5.2				4.4				5.32				4.4				5.32



				287.5				4.7				4.43				5.22				4.43				5.22



				288.5				4.8				4.13				5				4.13				5



				289.5				4.6				4.52				5.37				4.52				5.37



				290.5				4.6				4.14				5.03				4.14				5.03



				291.5				4.6				4.28				5.09				4.28				5.09



				292.5				4.6				4.43				5.36				4.43				5.36



				293.5				4.0				3.8				4.53				3.8				4.53



				294.5				2.6				2.36				2.85				2.36				2.85



				295.5				3.8				2.96				3.62				2.96				3.62



				296.5				4.8				3.88				4.54				3.88				4.54



				297.5				3.8				4.06				4.75				4.06				4.75



				298.5				4.4				3.69				4.6				3.69				4.6



				299.5				4.4				3.19				3.99				3.19				3.99



				300.5				1.7				1.47				2.05				1.47				2.05



				301.5				4.1				3.16				3.95				3.16				3.95



				302.5				4.0				3.47				4.14				3.47				4.14



				303.5				4.1				3.56				4.33				3.56				4.33



				304.5				3.8				3.68				4.39				3.68				4.39



				305.5				3.9				3.74				4.49				3.74				4.49



				306.5				3.8				3.46				4.28				3.46				4.28



				307.5				3.7				3.49				4.3				3.49				4.3



				308.5				2.5				2.65				3.39				2.65				3.39



				309.5				3.6				3.66				4.46				3.66				4.46



				310.5				2.4				2.58				3.26				2.58				3.26



				311.5				3.6				3.59				4.47				3.59				4.47



				312.5				3.5				3.35				4.03				3.35				4.03



				313.5				3.8				3.5				4.3				3.5				4.3



				314.5				2.8				3.04				3.72				3.04				3.72



				315.5				0.5				1.19				1.35				1.19				1.35



				316.5				1.1				1				1.19				1				1.19



				317.5				4.0				2.52				3.27				2.52				3.27



				318.5				2.3				1.96				2.57				1.96				2.57



				319.5				4.2				2.75				3.26				2.75				3.26



				320.5				4.1				2.69				3.24				2.69				3.24



				321.5				3.6				2.81				3.34				2.81				3.34



				322.5				3.7				2.75				3.3				2.75				3.3



				323.5				3.5				2.76				3.5				2.76				3.5



				324.5				2.7				2.81				3.29				2.81				3.29



				325.5				3.2				2.58				3.1				2.58				3.1



				326.5				3.2				2.49				3.22				2.49				3.22



				327.5				3.1				2.57				3.23				2.57				3.23



				328.5				3.3				2.87				3.55				2.87				3.55



				329.5				2.6				2.41				3.14				2.41				3.14



				330.5				0.7				3.2				3.36				3.2				3.36



				331.5				1.4				1.93				2.17				1.93				2.17



				332.5				3.8				2.3				2.81				2.3				2.81



				333.5				3.7				2.36				3.02				2.36				3.02



				334.5				0.6				1.31				1.5				1.31				1.5



				335.5				0.4				0.61				0.75				0.61				0.75



				336.5				0.6				0.38				0.46				0.38				0.46



				337.5				3.7				2.07				2.48				2.07				2.48



				338.5				3.7				2.23				2.72				2.23				2.72



				339.5				3.5				2.46				2.98				2.46				2.98



				340.5				2.2				2.12				2.64				2.12				2.64



				341.5				1.5				1.24				1.46				1.24				1.46



				342.5				2.7				2.31				2.87				2.31				2.87



				343.5				3.3				2.1				2.81				2.1				2.81



				344.5				3.0				1.7				2.17				1.7				2.17



				345.5				2.9				1.49				2.27				1.49				2.27



				346.5				2.8				1.89				2.61				1.89				2.61



				347.5				3.3				2.25				2.82				2.25				2.82



				348.5				2.2				1.73				2.23				1.73				2.23



				349.5				3.2				2.29				2.81				2.29				2.81



				350.5				3.1				2.44				2.95				2.44				2.95



				351.5				3.0				2.45				2.99				2.45				2.99



				352.5				2.4				3.74				4.39				3.74				4.39



				353.5				1.9				1.62				2.2				1.62				2.2



				354.5				1.2				0.7				0.83				0.7				0.83



				355.5				2.5				1.52				2.14				1.52				2.14



				356.5				2.2				0.86				1.34				0.86				1.34



				357.5				2.7				1.52				1.83				1.52				1.83



				358.5				2.9				1.57				2.01				1.57				2.01



				359.5				2.1				1.17				1.43				1.17				1.43



				360.5				3.1				1.47				2				1.47				2



				361.5				3.6				1.93				2.39				1.93				2.39



				362.5				2.8				1.77				2.38				1.77				2.38



				363.5				3.4				2.22				2.68				2.22				2.68



				364.5				2.2				1.53				1.91				1.53				1.91



				365.5				3.5				2.37				2.84				2.37				2.84



				1				3.4



				2				2.7



				3				2.4



				4				2.7



				5				3.1



				6				3.6



				7				3.6



				8				1.9



				9				3.3
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				11				2.8



				12				3.8



				13				2.9



				14				3.7



				15				3.8
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				17				3.4
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				20				2.7
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				23				4.0
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				26				3.6
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				29				3.6



				30				3.8



				31				3.6



				32				4.0
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				34				3.8
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				40				2.5
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																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88
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												Cottonwood																mesquite																								sacaton



				1.83				April				30				54.885				2.8412295082								0.919				April				30				27.57				1.3101229508												jan				31



				3.82				May				31				118.43												1.689				May				31				52.3475																feb				28



				5.70				June				30				171.14				4.1950819672								3.963				June				30				118.895				4.2868744313								0.58				march				31



				4.92				July				31				152.38												4.538				July				31				140.669091954												0.66				april				30				19.905				1.1923803279



				3.31				Aug				31				102.46												4.714				Aug				31				146.1405												1.70				may				31				52.8302



				2.86				Sept				30				85.82												3.910				Sept				30				117.29408867												2.67				june				30				80.238				3.3367581967



				1.30				Oct				31				40.24				0.6816393443								2.187				Oct				31				67.794				1.4817957125								3.33				july				31				103.1308



				0.04				Nov				30				1.34												0.753				Nov				30				22.5955384615												4.07				aug				31				126.0987



																																																				3.25				sept				30				97.617



																																																				2.15				ovt				31				66.5291				1.4493131148



																																																				0.73				nov				30				21.879



																																																				0.27				dec				31



																																				emergent



																																				Depth to water				ET flux rate								april				oct



								Mesquite				Cottonwood				Saltcedar				Grass				bareground				Emergent								20				0				0				0				0



				April/May				1.31				2.84				2.00				1.19				7.48				3.00								0				2.3				0.6571428571				1.9714285714				0.9857142857



				June/Sept				4.29				4.20				4.80				3.34				6.73				3.50								-4				3.2				0.9142857143				2.7428571429				1.3714285714



				Oct/Nov				1.48				0.68				2.00				1.45				4.29				1.50								-7				3.5				1				3				1.5



				Dec/March				0.00				0.00				0.00				0.00				3.77				0.00								-10				3.5				1				3				1.5



																																				-15				3.2				0.9142857143				2.7428571429				1.3714285714



																																				-33				2				0.5714285714				1.7142857143				0.8571428571



																																				-75				0				0				0				0



																																				Depth to water				april				june				oct



																																				20.00				0.00				0.00				0.00



																																				0.00				1.97				2.30				0.99



																																				-4.00				2.74				3.20				1.37



																																				-7.00				3.00				3.50				1.50



																																				-10.00				3.00				3.50				1.50



																																				-15.00				2.74				3.20				1.37



																																				-33.00				1.71				2.00				0.86



																																				-75.00				0.00				0.00				0.00











				



																																								April/May				6																												June/Sept				5.8																												Oct/Nov				3.45																												Dec/March				3.1																												4-season				Spring				7.5134146341												April/May				6								5.8666666667								0.5166666667



																																																																																																																																																																												Summer				6.256043956												June/Sept				5.8																0.5344827586



																																								5.9				6.0				6.9				6.0				6.9																5.9				5.8				6.5				5.8				6.5																3.7				3.3				4.0				3.3				4.0																3.8				1.8				3.1				1.8				2.3																				Fall				4.286440678												Oct/Nov				3.45								3.2166666667								0.8985507246



																																																																																																																																																																												Winter																Dec/March				3.1



								Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																Avail.				Ref. Crop				Pen-Water				Ref. Crop				Penman																				Spring				7.9481481481



								Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																Energy												Shuttle				Open Wat																				Summer				6.4293478261



				DOY																																91.5				6.1																												152.5				7.1				8.05				9.08				8.05				9.08												274.5				3.8				3.91				4.36				3.91				4.36												335.5				0.4				0.61				0.75				0.61				0.75																				Fall				4.2694915254												April/May				7.4824561404								6.979337232								3.8659356725



				72.5				6.8																												92.5				5.8																												153.5				7.3				7.69				8.83				7.69				8.83												275.5				5.0				4.37				5.05				4.37				5.05												336.5				0.6				0.38				0.46				0.38				0.46																				Winter																June/Sept				6.7277777778																3.5958812261				3.7736457794



				73.5				7.1																												93.5				4.9																												154.5				6.6				7.44				8.52				7.44				8.52												276.5				5.4				4.99				5.66				4.99				5.66												337.5				3.7				2.07				2.48				2.07				2.48																																				Oct/Nov				4.2948275862								3.9449425287								3.8591204398



				74.5				7.2																												94.5				5.2																												155.5				4.5				5.71				6.58				5.71				6.58												277.5				5.8				5.01				5.78				5.01				5.78												338.5				3.7				2.23				2.72				2.23				2.72																Averages				Spring				7.7307813911				7.0367386411								Dec/March				3.77



				75.5				7.1																												95.5				6.4																												156.5				5.9				7.88				8.72				7.88				8.72												278.5				5.5				4.95				5.8				4.95				5.8												339.5				3.5				2.46				2.98				2.46				2.98																				Summer				6.3426958911



				76.5				4.7																												96.5				6.3																												157.5				6.6				7.97				9.5				7.97				9.5												279.5				4.8				5.05				5.81				5.05				5.81												340.5				2.2				2.12				2.64				2.12				2.64																				Fall				4.2779661017



				77.5				7.8																												97.5				6.2																												158.5				5.1				5.3				6.45				5.3				6.45												280.5				1.2				1.62				1.94				1.62				1.94												341.5				1.5				1.24				1.46				1.24				1.46																				Winter



				78.5				7.3																												98.5				6.2																												159.5				7.6				6.76				7.85				6.76				7.85												281.5				4.8				3.69				4.4				3.69				4.4												342.5				2.7				2.31				2.87				2.31				2.87



				79.5				5.3																												99.5				5.9																												160.5				7.6				7.3				8.52				7.3				8.52												282.5				5.7				4.77				5.54				4.77				5.54												343.5				3.3				2.1				2.81				2.1				2.81																2-season				Growing				6.8520231214



				80.5				5.4								6.72																				100.5				5.1				5.99				6.93				5.99				6.93												161.5				7.4				7.47				8.68				7.47				8.68												283.5				5.2				5.6				6.31				5.6				6.31												344.5				3.0				1.7				2.17				1.7				2.17																				Nongrowing				4.286440678



				81.5				5.0								6.29																				101.5				4.9				3.95				5.08				3.95				5.08												162.5				7.4				7.18				8.27				7.18				8.27												284.5				4.6				5.75				6.59				5.75				6.59												345.5				2.9				1.49				2.27				1.49				2.27																				Growing				7.1404624277



				82.5				5.3								6.86																				102.5				6.5				5.54				6.66				5.54				6.66												163.5				7.3				7.41				8.56				7.41				8.56												285.5				5.3				3.91				5				3.91				5												346.5				2.8				1.89				2.61				1.89				2.61																				Nongrowing				4.2694915254



				83.5				5.7								6.46																				103.5				6.5				5.53				6.73				5.53				6.73												164.5				7.4				8.33				9.55				8.33				9.55												286.5				5.2				4.4				5.32				4.4				5.32												347.5				3.3				2.25				2.82				2.25				2.82



				84.5				5.8								6.29																				104.5				6.4				5.78				6.74				5.78				6.74												165.5				7.5				8				9.26				8				9.26												287.5				4.7				4.43				5.22				4.43				5.22												348.5				2.2				1.73				2.23				1.73				2.23																Averages				Growing				6.9962427746				mm/day



				85.5				2.5								2.46																				105.5				6.4				5.79				6.88				5.79				6.88												166.5				7.3				7.7				8.69				7.7				8.69												288.5				4.8				4.13				5				4.13				5												349.5				3.2				2.29				2.81				2.29				2.81																				Nongrowing				4.2779661017				mm/day



				86.5				6.1								6.29																				106.5				4.9				4.94				5.94				4.94				5.94												167.5				7.7				6.81				7.95				6.81				7.95												289.5				4.6				4.52				5.37				4.52				5.37												350.5				3.1				2.44				2.95				2.44				2.95



				87.5				5.7								6.11																				107.5				1.7				1.99				2.43				1.99				2.43												168.5				7.6				7.1				8.27				7.1				8.27												290.5				4.6				4.14				5.03				4.14				5.03												351.5				3.0				2.45				2.99				2.45				2.99																Averages				Growing				0.0069962428				m/day



				88.5				5.3								5.66																				108.5				6.7				5.36				6.2				5.36				6.2												169.5				7.4				7.98				9				7.98				9												291.5				4.6				4.28				5.09				4.28				5.09												352.5				2.4				3.74				4.39				3.74				4.39																				Nongrowing				0.0042779661				m/day



				89.5				4.8								5.44																				109.5				6.3				6.11				7.03				6.11				7.03												170.5				5.3				6.81				7.5				6.81				7.5												292.5				4.6				4.43				5.36				4.43				5.36												353.5				1.9				1.62				2.2				1.62				2.2



				90.5				2.7																												110.5				6.2				6.55				7.51				6.55				7.51												171.5				6.9				7.69				8.62				7.69				8.62												293.5				4.0				3.8				4.53				3.8				4.53												354.5				1.2				0.7				0.83				0.7				0.83



				91.5				6.1																												111.5				5.6				6.4				7.32				6.4				7.32												172.5				7.2				8.01				8.95				8.01				8.95												294.5				2.6				2.36				2.85				2.36				2.85												355.5				2.5				1.52				2.14				1.52				2.14



				92.5				5.8																												112.5				5.9				6.57				7.57				6.57				7.57												173.5				7.5				8.32				9.52				8.32				9.52												295.5				3.8				2.96				3.62				2.96				3.62												356.5				2.2				0.86				1.34				0.86				1.34



				93.5				4.9																												113.5				5.1				7.32				8				7.32				8												174.5				7.5				8.06				9.21				8.06				9.21												296.5				4.8				3.88				4.54				3.88				4.54												357.5				2.7				1.52				1.83				1.52				1.83



				94.5				5.2																												114.5				3.6				4.77				5.76				4.77				5.76												175.5				7.6				7.94				9.08				7.94				9.08												297.5				3.8				4.06				4.75				4.06				4.75												358.5				2.9				1.57				2.01				1.57				2.01



				95.5				6.4																												115.5				6.2				4.56				5.8				4.56				5.8												176.5				7.5				7.79				8.99				7.79				8.99												298.5				4.4				3.69				4.6				3.69				4.6												359.5				2.1				1.17				1.43				1.17				1.43



				96.5				6.3																												116.5				6.8				5.02				6.06				5.02				6.06												177.5				6.7				7.1				8.19				7.1				8.19												299.5				4.4				3.19				3.99				3.19				3.99												360.5				3.1				1.47				2				1.47				2



				97.5				6.2																												117.5				6.7				6.22				7.16				6.22				7.16												178.5				6.3				6.99				7.99				6.99				7.99												300.5				1.7				1.47				2.05				1.47				2.05												361.5				3.6				1.93				2.39				1.93				2.39



				98.5				6.2																												118.5				6.4				6.73				7.78				6.73				7.78												179.5				6.9				7.17				8.23				7.17				8.23												301.5				4.1				3.16				3.95				3.16				3.95												362.5				2.8				1.77				2.38				1.77				2.38



				99.5				5.9																												119.5				5.7				7.03				8.02				7.03				8.02												180.5				7.0				7.15				8.3				7.15				8.3												302.5				4.0				3.47				4.14				3.47				4.14												363.5				3.4				2.22				2.68				2.22				2.68



				100.5				5.1				5.99				6.93				5.99				6.93												120.5				5.3				5.87				6.75				5.87				6.75												181.5				7.7				8.32				9.43				8.32				9.43												303.5				4.1				3.56				4.33				3.56				4.33												364.5				2.2				1.53				1.91				1.53				1.91



				101.5				4.9				3.95				5.08				3.95				5.08												121.5				6.6				7.21				8.39				7.21				8.39												182.5				7.5				8.36				9.41				8.36				9.41												304.5				3.8				3.68				4.39				3.68				4.39												365.5				3.5				2.37				2.84				2.37				2.84



				102.5				6.5				5.54				6.66				5.54				6.66												122.5				6.6				6.52				7.59				6.52				7.59												183.5				7.1				8.19				9.15				8.19				9.15												305.5				3.9				3.74				4.49				3.74				4.49												1				3.4



				103.5				6.5				5.53				6.73				5.53				6.73												123.5				6.0				6.52				7.53				6.52				7.53												184.5				7.4				8.86				9.77				8.86				9.77												306.5				3.8				3.46				4.28				3.46				4.28												2				2.7



				104.5				6.4				5.78				6.74				5.78				6.74												124.5				5.4				6.11				7.03				6.11				7.03												185.5				7.6				8.55				9.51				8.55				9.51												307.5				3.7				3.49				4.3				3.49				4.3												3				2.4



				105.5				6.4				5.79				6.88				5.79				6.88												125.5				6.0				6.54				7.5				6.54				7.5												186.5				7.4				8.22				9.01				8.22				9.01												308.5				2.5				2.65				3.39				2.65				3.39												4				2.7



				106.5				4.9				4.94				5.94				4.94				5.94												126.5				6.6				7.38				8.4				7.38				8.4												187.5				7.1				8.43				9.22				8.43				9.22												309.5				3.6				3.66				4.46				3.66				4.46												5				3.1



				107.5				1.7				1.99				2.43				1.99				2.43												127.5				5.7				6.27				7.26				6.27				7.26												188.5				4.7				5.43				5.88				5.43				5.88												310.5				2.4				2.58				3.26				2.58				3.26												6				3.6



				108.5				6.7				5.36				6.2				5.36				6.2												128.5				6.8				7.31				8.42				7.31				8.42												189.5				5.7				6.43				7.09				6.43				7.09												311.5				3.6				3.59				4.47				3.59				4.47												7				3.6



				109.5				6.3				6.11				7.03				6.11				7.03												129.5				4.8				5.55				6.38				5.55				6.38												190.5				4.4				5.22				5.82				5.22				5.82												312.5				3.5				3.35				4.03				3.35				4.03												8				1.9



				110.5				6.2				6.55				7.51				6.55				7.51												130.5				4.1				4.57				5.24				4.57				5.24												191.5				4.9				5.89				6.52				5.89				6.52												313.5				3.8				3.5				4.3				3.5				4.3												9				3.3



				111.5				5.6				6.4				7.32				6.4				7.32												131.5				4.5				4.4				5.17				4.4				5.17												192.5				7.6				7.67				8.73				7.67				8.73												314.5				2.8				3.04				3.72				3.04				3.72												10				3.1



				112.5				5.9				6.57				7.57				6.57				7.57												132.5				5.3				5.04				5.86				5.04				5.86												193.5				7.9				8.12				9.39				8.12				9.39												315.5				0.5				1.19				1.35				1.19				1.35												11				2.8



				113.5				5.1				7.32				8				7.32				8												133.5				6.4				6.7				7.61				6.7				7.61												194.5				6.4				6.42				7.48				6.42				7.48												316.5				1.1				1				1.19				1				1.19												12				3.8



				114.5				3.6				4.77				5.76				4.77				5.76												134.5				6.5				7.07				7.88				7.07				7.88												195.5				6.5				7.02				8.05				7.02				8.05												317.5				4.0				2.52				3.27				2.52				3.27												13				2.9



				115.5				6.2				4.56				5.8				4.56				5.8												135.5				5.9				6.77				7.45				6.77				7.45												196.5				4.9				5.98				6.7				5.98				6.7												318.5				2.3				1.96				2.57				1.96				2.57												14				3.7



				116.5				6.8				5.02				6.06				5.02				6.06												136.5				4.1				4.57				5.23				4.57				5.23												197.5				7.5				8.43				9.23				8.43				9.23												319.5				4.2				2.75				3.26				2.75				3.26												15				3.8



				117.5				6.7				6.22				7.16				6.22				7.16												137.5				5.5				5.68				6.34				5.68				6.34												198.5				7.1				8.14				8.83				8.14				8.83												320.5				4.1				2.69				3.24				2.69				3.24												16				3.3



				118.5				6.4				6.73				7.78				6.73				7.78												138.5				2.2				2.6				2.95				2.6				2.95												199.5				4.7				5.76				6.18				5.76				6.18												321.5				3.6				2.81				3.34				2.81				3.34												17				3.4



				119.5				5.7				7.03				8.02				7.03				8.02												139.5				7.2				6.77				7.87				6.77				7.87												200.5				3.0				2.77				3.17				2.77				3.17												322.5				3.7				2.75				3.3				2.75				3.3												18				3.4



				120.5				5.3				5.87				6.75				5.87				6.75												140.5				6.4				5.02				5.84				5.02				5.84												201.5				3.1				2.55				2.9				2.55				2.9												323.5				3.5				2.76				3.5				2.76				3.5												19				1.4



				121.5				6.6				7.21				8.39				7.21				8.39												141.5				7.9				6.65				7.79				6.65				7.79												202.5				6.3				4.71				5.63				4.71				5.63												324.5				2.7				2.81				3.29				2.81				3.29												20				2.7



				122.5				6.6				6.52				7.59				6.52				7.59												142.5				6.6				6.1				7.08				6.1				7.08												203.5				6.8				5.92				6.62				5.92				6.62												325.5				3.2				2.58				3.1				2.58				3.1												21				2.7



				123.5				6.0				6.52				7.53				6.52				7.53												143.5				5.5				5.48				6.3				5.48				6.3												204.5				5.6				5.34				6.14				5.34				6.14												326.5				3.2				2.49				3.22				2.49				3.22												22				3.6



				124.5				5.4				6.11				7.03				6.11				7.03												144.5				6.3				6.37				7.47				6.37				7.47												205.5				6.6				6.69				7.63				6.69				7.63												327.5				3.1				2.57				3.23				2.57				3.23												23				4.0



				125.5				6.0				6.54				7.5				6.54				7.5												145.5				7.5				6.92				8.24				6.92				8.24												206.5				4.0				4.6				5.14				4.6				5.14												328.5				3.3				2.87				3.55				2.87				3.55												24				3.5



				126.5				6.6				7.38				8.4				7.38				8.4												146.5				7.5				7.01				8.13				7.01				8.13												207.5				2.9				3.03				3.33				3.03				3.33												329.5				2.6				2.41				3.14				2.41				3.14												25				3.6



				127.5				5.7				6.27				7.26				6.27				7.26												147.5				7.2				6.8				7.86				6.8				7.86												208.5				5.5				4.9				5.5				4.9				5.5												330.5				0.7				3.2				3.36				3.2				3.36												26				3.6



				128.5				6.8				7.31				8.42				7.31				8.42												148.5				6.7				6.81				7.88				6.81				7.88												209.5				5.6				4.93				5.53				4.93				5.53												331.5				1.4				1.93				2.17				1.93				2.17												27				2.6



				129.5				4.8				5.55				6.38				5.55				6.38												149.5				6.9				7.32				8.37				7.32				8.37												210.5				3.5				3.41				3.86				3.41				3.86												332.5				3.8				2.3				2.81				2.3				2.81												28				3.5



				130.5				4.1				4.57				5.24				4.57				5.24												150.5				7.1				7.57				8.6				7.57				8.6												211.5				6.3				5.53				6.26				5.53				6.26												333.5				3.7				2.36				3.02				2.36				3.02												29				3.6



				131.5				4.5				4.4				5.17				4.4				5.17												151.5				7.1				7.82				8.83				7.82				8.83												212.5				6.5				5.86				6.53				5.86				6.53												334.5				0.6				1.31				1.5				1.31				1.5												30				3.8



				132.5				5.3				5.04				5.86				5.04				5.86																																												213.5				7.3				6.27				6.99				6.27				6.99																																												31				3.6



				133.5				6.4				6.7				7.61				6.7				7.61																																												214.5				5.3				4.42				4.91				4.42				4.91																																												32				4.0



				134.5				6.5				7.07				7.88				7.07				7.88																																												215.5				3.7				3.02				3.41				3.02				3.41																																												33				4.1



				135.5				5.9				6.77				7.45				6.77				7.45																																												216.5				6.7				6.09				6.9				6.09				6.9																																												34				3.8



				136.5				4.1				4.57				5.23				4.57				5.23																																												217.5				5.0				4.71				5.25				4.71				5.25																																												35				2.4



				137.5				5.5				5.68				6.34				5.68				6.34																																												218.5				6.5				5.17				5.8				5.17				5.8																																												36				4.6



				138.5				2.2				2.6				2.95				2.6				2.95																																												219.5				5.2				4.53				5.08				4.53				5.08																																												37				4.9



				139.5				7.2				6.77				7.87				6.77				7.87																																												220.5				3.1				3.03				3.37				3.03				3.37																																												38				4.4



				140.5				6.4				5.02				5.84				5.02				5.84																																												221.5				4.3				3.4				3.9				3.4				3.9																																												39				3.3



				141.5				7.9				6.65				7.79				6.65				7.79																																												222.5				6.1				4.75				5.49				4.75				5.49																																												40				2.5



				142.5				6.6				6.1				7.08				6.1				7.08																																												223.5				6.8				6.1				7.01				6.1				7.01																																												41				4.8



				143.5				5.5				5.48				6.3				5.48				6.3																																												224.5				2.2				2.27				2.59				2.27				2.59																																												42				4.3



				144.5				6.3				6.37				7.47				6.37				7.47																																												225.5				6.1				5.3				5.96				5.3				5.96																																												43				4.7



				145.5				7.5				6.92				8.24				6.92				8.24																																												226.5				5.2				4.63				5.22				4.63				5.22																																												44				1.9



				146.5				7.5				7.01				8.13				7.01				8.13																																												227.5				4.6				4.29				4.81				4.29				4.81																																												45				4.2



				147.5				7.2				6.8				7.86				6.8				7.86																																												228.5				5.2				4.62				5.2				4.62				5.2																																												46				2.7



				148.5				6.7				6.81				7.88				6.81				7.88																																												229.5				3.4				2.89				3.22				2.89				3.22																																												47				4.8



				149.5				6.9				7.32				8.37				7.32				8.37																																												230.5				6.2				4.85				5.46				4.85				5.46																																												48				1.8



				150.5				7.1				7.57				8.6				7.57				8.6																																												231.5				7.5				6.57				7.34				6.57				7.34																																												49				1.7



				151.5				7.1				7.82				8.83				7.82				8.83																																												232.5				6.2				5.88				6.45				5.88				6.45																																												50				5.2



				152.5				7.1				8.05				9.08				8.05				9.08																																												233.5				7.4				6.51				7.23				6.51				7.23																																												51				2.4



				153.5				7.3				7.69				8.83				7.69				8.83																																												234.5				5.1				4.47				5.12				4.47				5.12																																												52				4.5



				154.5				6.6				7.44				8.52				7.44				8.52																																												235.5				4.1				3.76				4.27				3.76				4.27																																												53				5.4



				155.5				4.5				5.71				6.58				5.71				6.58																																												236.5				5.8				5.04				5.64				5.04				5.64																																												54				5.2



				156.5				5.9				7.88				8.72				7.88				8.72																																												237.5				6.2				5.44				6.18				5.44				6.18																																												55				4.3



				157.5				6.6				7.97				9.5				7.97				9.5																																												238.5				7.0				6.35				7.1				6.35				7.1																																												56				3.5



				158.5				5.1				5.3				6.45				5.3				6.45																																												239.5				6.4				5.86				6.72				5.86				6.72																																												57				5.2



				159.5				7.6				6.76				7.85				6.76				7.85																																												240.5				5.3				5.41				5.97				5.41				5.97																																												58				5.2



				160.5				7.6				7.3				8.52				7.3				8.52																																												241.5				5.2				4.84				5.41				4.84				5.41																																												59				5.9



				161.5				7.4				7.47				8.68				7.47				8.68																																												242.5				4.5				3.8				4.35				3.8				4.35																																												60				5.7



				162.5				7.4				7.18				8.27				7.18				8.27																																												243.5				2.9				2.71				3.07				2.71				3.07																																												61				5.4



				163.5				7.3				7.41				8.56				7.41				8.56																																												244.5				6.0				5.69				6.3				5.69				6.3																																												62				5.4



				164.5				7.4				8.33				9.55				8.33				9.55																																												245.5				5.0				4.98				5.56				4.98				5.56																																												63				5.2



				165.5				7.5				8				9.26				8				9.26																																												246.5				4.9				4.82				5.6				4.82				5.6																																												64				4.5



				166.5				7.3				7.7				8.69				7.7				8.69																																												247.5				5.9				5.73				6.6				5.73				6.6																																												65				3.2



				167.5				7.7				6.81				7.95				6.81				7.95																																												248.5				5.1				5.1				5.77				5.1				5.77																																												66				5.2



				168.5				7.6				7.1				8.27				7.1				8.27																																												249.5				4.5				4.16				4.64				4.16				4.64																																												67				6.0



				169.5				7.4				7.98				9				7.98				9																																												250.5				5.4				5.17				5.78				5.17				5.78																																												68				5.8



				170.5				5.3				6.81				7.5				6.81				7.5																																												251.5				6.2				5.94				6.77				5.94				6.77																																												69				5.6



				171.5				6.9				7.69				8.62				7.69				8.62																																												252.5				5.4				5.37				6.06				5.37				6.06																																												70				5.5



				172.5				7.2				8.01				8.95				8.01				8.95																																												253.5				5.0				4.73				5.44				4.73				5.44																																												71				6.0



				173.5				7.5				8.32				9.52				8.32				9.52																																												254.5				4.8				4.37				4.99				4.37				4.99																																												72.5				6.8



				174.5				7.5				8.06				9.21				8.06				9.21																																												255.5				5.3				4.46				5.02				4.46				5.02																																												73.5				7.1



				175.5				7.6				7.94				9.08				7.94				9.08																																												256.5				5.3				4.45				4.98				4.45				4.98																																												74.5				7.2



				176.5				7.5				7.79				8.99				7.79				8.99																																												257.5				4.5				3.97				4.45				3.97				4.45																																												75.5				7.1



				177.5				6.7				7.1				8.19				7.1				8.19																																												258.5				5.7				4.6				5.09				4.6				5.09																																												76.5				4.7



				178.5				6.3				6.99				7.99				6.99				7.99																																												259.5				6.5				5.51				6.11				5.51				6.11																																												77.5				7.8



				179.5				6.9				7.17				8.23				7.17				8.23																																												260.5				5.7				5.25				5.88				5.25				5.88																																												78.5				7.3



				180.5				7.0				7.15				8.3				7.15				8.3																																												261.5				4.3				4.18				4.85				4.18				4.85																																												79.5				5.3



				181.5				7.7				8.32				9.43				8.32				9.43																																												262.5				6.0				5.58				6.31				5.58				6.31																																												80.5				5.4								6.72



				182.5				7.5				8.36				9.41				8.36				9.41																																												263.5				5.2				4.64				5.31				4.64				5.31																																												81.5				5.0								6.29



				183.5				7.1				8.19				9.15				8.19				9.15																																												264.5				3.4				2.44				2.75				2.44				2.75																																												82.5				5.3								6.86



				184.5				7.4				8.86				9.77				8.86				9.77																																												265.5				6.1				4.73				5.37				4.73				5.37																																												83.5				5.7								6.46



				185.5				7.6				8.55				9.51				8.55				9.51																																												266.5				4.9				4.19				4.7				4.19				4.7																																												84.5				5.8								6.29



				186.5				7.4				8.22				9.01				8.22				9.01																																												267.5				2.0				2.25				2.59				2.25				2.59																																												85.5				2.5								2.46



				187.5				7.1				8.43				9.22				8.43				9.22																																												268.5				4.0				3.9				4.69				3.9				4.69																																												86.5				6.1								6.29



				188.5				4.7				5.43				5.88				5.43				5.88																																												269.5				6.0				4.83				5.44				4.83				5.44																																												87.5				5.7								6.11



				189.5				5.7				6.43				7.09				6.43				7.09																																												270.5				6.3				5.03				5.83				5.03				5.83																																												88.5				5.3								5.66



				190.5				4.4				5.22				5.82				5.22				5.82																																												271.5				6.1				5.27				6.07				5.27				6.07																																												89.5				4.8								5.44



				191.5				4.9				5.89				6.52				5.89				6.52																																												272.5				5.1				4.71				5.36				4.71				5.36																																												90.5				2.7



				192.5				7.6				7.67				8.73				7.67				8.73																																												273.5				5.6				5.19				5.79				5.19				5.79



				193.5				7.9				8.12				9.39				8.12				9.39



				194.5				6.4				6.42				7.48				6.42				7.48



				195.5				6.5				7.02				8.05				7.02				8.05



				196.5				4.9				5.98				6.7				5.98				6.7



				197.5				7.5				8.43				9.23				8.43				9.23



				198.5				7.1				8.14				8.83				8.14				8.83



				199.5				4.7				5.76				6.18				5.76				6.18



				200.5				3.0				2.77				3.17				2.77				3.17



				201.5				3.1				2.55				2.9				2.55				2.9



				202.5				6.3				4.71				5.63				4.71				5.63



				203.5				6.8				5.92				6.62				5.92				6.62



				204.5				5.6				5.34				6.14				5.34				6.14



				205.5				6.6				6.69				7.63				6.69				7.63



				206.5				4.0				4.6				5.14				4.6				5.14



				207.5				2.9				3.03				3.33				3.03				3.33



				208.5				5.5				4.9				5.5				4.9				5.5



				209.5				5.6				4.93				5.53				4.93				5.53



				210.5				3.5				3.41				3.86				3.41				3.86



				211.5				6.3				5.53				6.26				5.53				6.26



				212.5				6.5				5.86				6.53				5.86				6.53



				213.5				7.3				6.27				6.99				6.27				6.99



				214.5				5.3				4.42				4.91				4.42				4.91



				215.5				3.7				3.02				3.41				3.02				3.41



				216.5				6.7				6.09				6.9				6.09				6.9



				217.5				5.0				4.71				5.25				4.71				5.25



				218.5				6.5				5.17				5.8				5.17				5.8



				219.5				5.2				4.53				5.08				4.53				5.08



				220.5				3.1				3.03				3.37				3.03				3.37



				221.5				4.3				3.4				3.9				3.4				3.9



				222.5				6.1				4.75				5.49				4.75				5.49



				223.5				6.8				6.1				7.01				6.1				7.01



				224.5				2.2				2.27				2.59				2.27				2.59



				225.5				6.1				5.3				5.96				5.3				5.96



				226.5				5.2				4.63				5.22				4.63				5.22



				227.5				4.6				4.29				4.81				4.29				4.81



				228.5				5.2				4.62				5.2				4.62				5.2



				229.5				3.4				2.89				3.22				2.89				3.22



				230.5				6.2				4.85				5.46				4.85				5.46



				231.5				7.5				6.57				7.34				6.57				7.34



				232.5				6.2				5.88				6.45				5.88				6.45



				233.5				7.4				6.51				7.23				6.51				7.23



				234.5				5.1				4.47				5.12				4.47				5.12



				235.5				4.1				3.76				4.27				3.76				4.27



				236.5				5.8				5.04				5.64				5.04				5.64



				237.5				6.2				5.44				6.18				5.44				6.18



				238.5				7.0				6.35				7.1				6.35				7.1



				239.5				6.4				5.86				6.72				5.86				6.72



				240.5				5.3				5.41				5.97				5.41				5.97



				241.5				5.2				4.84				5.41				4.84				5.41



				242.5				4.5				3.8				4.35				3.8				4.35



				243.5				2.9				2.71				3.07				2.71				3.07



				244.5				6.0				5.69				6.3				5.69				6.3



				245.5				5.0				4.98				5.56				4.98				5.56



				246.5				4.9				4.82				5.6				4.82				5.6



				247.5				5.9				5.73				6.6				5.73				6.6



				248.5				5.1				5.1				5.77				5.1				5.77



				249.5				4.5				4.16				4.64				4.16				4.64



				250.5				5.4				5.17				5.78				5.17				5.78



				251.5				6.2				5.94				6.77				5.94				6.77



				252.5				5.4				5.37				6.06				5.37				6.06



				253.5				5.0				4.73				5.44				4.73				5.44



				254.5				4.8				4.37				4.99				4.37				4.99



				255.5				5.3				4.46				5.02				4.46				5.02



				256.5				5.3				4.45				4.98				4.45				4.98



				257.5				4.5				3.97				4.45				3.97				4.45



				258.5				5.7				4.6				5.09				4.6				5.09



				259.5				6.5				5.51				6.11				5.51				6.11



				260.5				5.7				5.25				5.88				5.25				5.88



				261.5				4.3				4.18				4.85				4.18				4.85



				262.5				6.0				5.58				6.31				5.58				6.31



				263.5				5.2				4.64				5.31				4.64				5.31



				264.5				3.4				2.44				2.75				2.44				2.75



				265.5				6.1				4.73				5.37				4.73				5.37



				266.5				4.9				4.19				4.7				4.19				4.7



				267.5				2.0				2.25				2.59				2.25				2.59



				268.5				4.0				3.9				4.69				3.9				4.69



				269.5				6.0				4.83				5.44				4.83				5.44



				270.5				6.3				5.03				5.83				5.03				5.83



				271.5				6.1				5.27				6.07				5.27				6.07



				272.5				5.1				4.71				5.36				4.71				5.36



				273.5				5.6				5.19				5.79				5.19				5.79



				274.5				3.8				3.91				4.36				3.91				4.36



				275.5				5.0				4.37				5.05				4.37				5.05



				276.5				5.4				4.99				5.66				4.99				5.66



				277.5				5.8				5.01				5.78				5.01				5.78



				278.5				5.5				4.95				5.8				4.95				5.8



				279.5				4.8				5.05				5.81				5.05				5.81



				280.5				1.2				1.62				1.94				1.62				1.94



				281.5				4.8				3.69				4.4				3.69				4.4



				282.5				5.7				4.77				5.54				4.77				5.54



				283.5				5.2				5.6				6.31				5.6				6.31



				284.5				4.6				5.75				6.59				5.75				6.59



				285.5				5.3				3.91				5				3.91				5



				286.5				5.2				4.4				5.32				4.4				5.32



				287.5				4.7				4.43				5.22				4.43				5.22



				288.5				4.8				4.13				5				4.13				5



				289.5				4.6				4.52				5.37				4.52				5.37



				290.5				4.6				4.14				5.03				4.14				5.03



				291.5				4.6				4.28				5.09				4.28				5.09



				292.5				4.6				4.43				5.36				4.43				5.36



				293.5				4.0				3.8				4.53				3.8				4.53



				294.5				2.6				2.36				2.85				2.36				2.85



				295.5				3.8				2.96				3.62				2.96				3.62



				296.5				4.8				3.88				4.54				3.88				4.54



				297.5				3.8				4.06				4.75				4.06				4.75



				298.5				4.4				3.69				4.6				3.69				4.6



				299.5				4.4				3.19				3.99				3.19				3.99



				300.5				1.7				1.47				2.05				1.47				2.05



				301.5				4.1				3.16				3.95				3.16				3.95



				302.5				4.0				3.47				4.14				3.47				4.14



				303.5				4.1				3.56				4.33				3.56				4.33



				304.5				3.8				3.68				4.39				3.68				4.39



				305.5				3.9				3.74				4.49				3.74				4.49



				306.5				3.8				3.46				4.28				3.46				4.28



				307.5				3.7				3.49				4.3				3.49				4.3



				308.5				2.5				2.65				3.39				2.65				3.39



				309.5				3.6				3.66				4.46				3.66				4.46



				310.5				2.4				2.58				3.26				2.58				3.26



				311.5				3.6				3.59				4.47				3.59				4.47



				312.5				3.5				3.35				4.03				3.35				4.03



				313.5				3.8				3.5				4.3				3.5				4.3



				314.5				2.8				3.04				3.72				3.04				3.72



				315.5				0.5				1.19				1.35				1.19				1.35



				316.5				1.1				1				1.19				1				1.19



				317.5				4.0				2.52				3.27				2.52				3.27



				318.5				2.3				1.96				2.57				1.96				2.57



				319.5				4.2				2.75				3.26				2.75				3.26



				320.5				4.1				2.69				3.24				2.69				3.24



				321.5				3.6				2.81				3.34				2.81				3.34



				322.5				3.7				2.75				3.3				2.75				3.3



				323.5				3.5				2.76				3.5				2.76				3.5



				324.5				2.7				2.81				3.29				2.81				3.29



				325.5				3.2				2.58				3.1				2.58				3.1



				326.5				3.2				2.49				3.22				2.49				3.22



				327.5				3.1				2.57				3.23				2.57				3.23



				328.5				3.3				2.87				3.55				2.87				3.55



				329.5				2.6				2.41				3.14				2.41				3.14



				330.5				0.7				3.2				3.36				3.2				3.36



				331.5				1.4				1.93				2.17				1.93				2.17



				332.5				3.8				2.3				2.81				2.3				2.81



				333.5				3.7				2.36				3.02				2.36				3.02



				334.5				0.6				1.31				1.5				1.31				1.5



				335.5				0.4				0.61				0.75				0.61				0.75



				336.5				0.6				0.38				0.46				0.38				0.46



				337.5				3.7				2.07				2.48				2.07				2.48



				338.5				3.7				2.23				2.72				2.23				2.72



				339.5				3.5				2.46				2.98				2.46				2.98



				340.5				2.2				2.12				2.64				2.12				2.64



				341.5				1.5				1.24				1.46				1.24				1.46



				342.5				2.7				2.31				2.87				2.31				2.87



				343.5				3.3				2.1				2.81				2.1				2.81



				344.5				3.0				1.7				2.17				1.7				2.17



				345.5				2.9				1.49				2.27				1.49				2.27



				346.5				2.8				1.89				2.61				1.89				2.61



				347.5				3.3				2.25				2.82				2.25				2.82



				348.5				2.2				1.73				2.23				1.73				2.23



				349.5				3.2				2.29				2.81				2.29				2.81



				350.5				3.1				2.44				2.95				2.44				2.95



				351.5				3.0				2.45				2.99				2.45				2.99



				352.5				2.4				3.74				4.39				3.74				4.39



				353.5				1.9				1.62				2.2				1.62				2.2



				354.5				1.2				0.7				0.83				0.7				0.83



				355.5				2.5				1.52				2.14				1.52				2.14



				356.5				2.2				0.86				1.34				0.86				1.34



				357.5				2.7				1.52				1.83				1.52				1.83



				358.5				2.9				1.57				2.01				1.57				2.01



				359.5				2.1				1.17				1.43				1.17				1.43



				360.5				3.1				1.47				2				1.47				2



				361.5				3.6				1.93				2.39				1.93				2.39



				362.5				2.8				1.77				2.38				1.77				2.38



				363.5				3.4				2.22				2.68				2.22				2.68



				364.5				2.2				1.53				1.91				1.53				1.91



				365.5				3.5				2.37				2.84				2.37				2.84



				1				3.4



				2				2.7



				3				2.4



				4				2.7



				5				3.1



				6				3.6



				7				3.6



				8				1.9



				9				3.3



				10				3.1



				11				2.8



				12				3.8



				13				2.9



				14				3.7



				15				3.8



				16				3.3



				17				3.4



				18				3.4



				19				1.4



				20				2.7



				21				2.7



				22				3.6



				23				4.0



				24				3.5



				25				3.6



				26				3.6



				27				2.6



				28				3.5



				29				3.6



				30				3.8



				31				3.6



				32				4.0



				33				4.1



				34				3.8



				35				2.4



				36				4.6



				37				4.9



				38				4.4



				39				3.3



				40				2.5



				41				4.8



				42				4.3



				43				4.7



				44				1.9



				45				4.2



				46				2.7



				47				4.8



				48				1.8



				49				1.7



				50				5.2



				51				2.4



				52				4.5



				53				5.4



				54				5.2



				55				4.3



				56				3.5



				57				5.2



				58				5.2



				59				5.9



				60				5.7



				61				5.4



				62				5.4



				63				5.2



				64				4.5



				65				3.2



				66				5.2



				67				6.0



				68				5.8



				69				5.6



				70				5.5



				71				6.0



				72				2.5
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SWAT -   Nutrient Flood Flows


KINEROS – Sediment Flood Flows


Flood Flows


Basin Groundwater


Nutrient Rich Downstream 


Flood Waters


In River/Riparian ET/ Nutrient Processing


 MODFLOW/KINEROS/CENTURY/HYDRUS
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Questions


			Are other places like San Pedro and Rio Grande?





Stromberg et al.  Are condition classes transferable?


de la Cruz -  PhD student UA -  How do alluvial aquifers function on the Verde and Rio San Miguel?


Merino -  soon to matriculate PhD student at UA -  How do alluvial aquifers function in Hassayampa and Bill Williams


			What is stability of Vegetation Classification developed for San Pedro?





Stromberg et al.


			How do alluvial aquifer systems influence sustained water quality?





Spatial and temporal variability and structure?  Soto-Lopez


Large floodplain agricultural system of Rio Grande interaction with river?  Oelsner
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Questions Continued


			What is mechanism of surface-groundwater interaction?





Simpson -  UA MS Hydrometric isotopic tracer linkage


Treese -  UA MS -  Biological or physical clogging – importance of floods


Coupling KINEROS MODFLOW -  Vionet and MS student top be named


			What is role and impact of climate variability?





Hogan, Baird, Meixner Stromberg EPA project


H. Ajami PhD UA


Merino soon PhD UA


 MS student to be named later
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River Flow


Sulfate/Chloride Ratio near San Pedro House
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San Pedro Changes in Runoff


Pool and Coes, 1999


			Decline in runoff


			No change in PPT


			Change in intensity?


			Vegetation change?





			Decline in baseflow


			Change in flood recharge?
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Comparison of Monthly Stream Flow from Three Rivers
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Figure 1: Map of the study area. Sampling locations are noted by



symbols. The river is divided into wet 



and dry reaches using data collected by the Nature Conservancy i



n June of 2003. Additionally, 



information on condition classes, dividing the riparian area int



o gaining and losing reaches (Stromberg 



et al., in press), is included along the river. Blue areas are g



aining, and green areas are losing; the outline 



of the reaches corresponds to the extent of the San Pedro River 



National Conservation Area. Note the 



presence of the 



Palominas



surface water sampling site in a losing reach, whereas the Here



ford, Highway 



90, and Charleston sampling sites are located in gaining reaches
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Figure 3: Stable isotopic composition of groundwater. Values for



springs, mountain block wells, and mountain front wells 



are represented as the average value 



±



1



σ



and are discussed in detail in 



Wahi



et al. (in preparation). Summer precipitation 



average is for April 15 through October 15, and winter average i



s for October 15 through April 15.
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Empire Ranch history

		From

		Julia Fonseca

		To

		Leidy, Robert; Goldmann, Elizabeth

		Recipients

		Leidy.Robert@epa.gov; Goldmann.Elizabeth@epa.gov



I hope you enjoy this bit of history, if I didn’t share it with you before.



 



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov
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In 1969 Gulf America Corporation (GAC) bought
the Empire Ranch. The early 1970s the planning for
the creation of a satellite city of 180, 000 people in the
Sonoita Valley was well underway.
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By Julia Fonseca (Julia. Fonseca@pima.gov), Helen Wilson and Everett Acosta, Pima
County, with assistance from Gita Bodner, The Nature Conservancy.
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Development Sequence

In June 1970 the Empire Ranch plan was heard by
the Pima County Planning and Zoning Commission.
Over 150 people appeared to protest the plan.

The Pima County Board of Supervisors approved
a portion of the plan, requiring GAC to substantially
develop 5,300 acres before any additional rezoning
would be considered.
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Empire Ranch Area Plan

Once one of the largest ranches in southern Arizona, the Empire
Ranch stretched from the Rincon Mountains south to the edge
of the Canelo Hills near Sonoita (approximate extent outlined at
nis land is home to pronghorn antelope and hundreds of
other species of fish and wildlife. Parts of the Empire Ranch were
sold off beginning in the early 20th century During the latter half
of the century efforts began to conserve ranch land under public
nis poster tells a small part of that history.
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By the early 1970s Gulf America Corporation was facing numerous financial
and other problems. In part to cut its losses GAC decided to sell the 35,000 acre

Empire Ranch to Anamax Mining Company in 1974 for over $12

Anamax bought the ranch for its water rights to develop the Rosemont Mine.

Re-assembling the Empire Ranch

EMPIRE-CIENEGA

LAND HOLDINGS

million.

However, in the mid-1980s it put the ranch up for sale. The land was advertised

as an investment for developers. Some of the uses promoted were ranchettes and

investment parcels to be resold to secondary investors and developers.
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Pima County became interested in buying the ranch
for a natural open space corridor between Oracle and the
Canelo Hills. It was also concerned with flooding issues as
Cienega Creek flows into the Tucson basin. Cienega Creek
also contributes natural recharge to Tucson’s aquifer.

In 1986, Pima County aquired land along lower
Cienega Creek that had been part of the Empire Ranch
in the 1880s.In August 1987 Pima County entered an
agreement with Anamax to purchase 85,500 acres of
additional land with bond money and flood control funds.
Protests arose from the use of flood control money. The
agreement fell through.

1969 1974
GAC buys Anamax Min-
ing Company

1876 1882 1928
Vail & Partners Empire Land Vail Co. sells
& Cattle co- to Chiricahua

Empire Ranch

remainder buys ranch

buy Empire
Ranch created with Cattle
Walter Vail Company

Marana council plans protest of
county’s plan to buy ranch land

From Staff and Wire Reports

Marana Town Council members are expected to
protest a Pima County Board of Supervisors plan
to divert approximately $10 million from flood pro-
tection money to pay part of a $27-30 million price
tag on the Cienega and Empire ranches south of
Tueson.

Council members say that the money should be
used first to pay for bank protection and other
flood control measures in Marana before purchas-
ing park land.

“Our concern is for the use of flood district funds
for purchase of the ranch, when we have needs
here in Marana,"” said Marana Town Manager
Ray Teran. :

However, Supervisor Iris Dewhirst said Tuesday
that using the money to purchase a'1,300-foot- wide
strip surrounding the Cienaga Creek will allow
Pima Cflgnty to have @%rol over thg%ap of the
Tucsgs ed, whi agins at (i Creek

1987 1988
BLM acquires

Pima County
Empire Ranch

acquires part
of Empirita
Ranch land

Timeline

the cost by forming an improvement district, and
they expect funds from state and federal sources
also, he said. '

“The citizens are willing to form an im-
provement district to protect themselves, although
we do want the flood control district to participate
to some degree,’’ Teran said.

Meanwhile, the Pima County Board of Supervi-
sors decided Tuesday not to buy any ranch land in
neighboring Santa Cruz County.

Supervisor Ed Moore said he will continue doing
everything he can to stop the land purchase unless
taxpayers get to vote on the estimated $30 million
deal. Supervisor David Yetman called Moore a
“childish tyrant.” ,

Moore said the rest of the board is on a path that
will lose county taxpayers the $250,000 placed in
escrow for the purchase. There are several rea-
sons not to proceed with a ‘“‘speculative real estate
venture,’’ Moore said.
os¢¥ ®asons includgapossible legal action by

: : o1 of floogMontrol

e

2000 2009

Las Cienegas Pima County

National Con-
servation Area Empirita

designated Ranch land

acquires more

Arizona’s Congressional delegation, Pima
County and others approached the Bureau of Land
Management (BLM) about acquiring the land.

On March 24, 1988 the BLM signed a formal
agreement acquiring the land in a three-way land
exchange. Public lands in Tucson (80 acres) and
Phoenix (41,000 acres) were traded to the private
investors involved in the trade so that the Empire

Ranch could be preserved.

BLM subsequently acquired additional land and
Congress designated a National Conservation Area
with provisions for inclusion of state lands.

Pima County’s vision for interconnected, interjurisdictional
open space protection has come closer to reality with 2004 bond
funding. 'The funding was used to acquire the Bar V Ranch,
Clyne Ranch, and portions of the Sands and Empirita ranches.
County ranch lands are shown in red and orange within and
adjacent to the Congressionally designated “Sonoita Valley

‘I - i
BarV [
. lEmpirita
2z T
¥

1 . . . . ‘~ RN R rabiled U lea
Acquisition Planning District” (black outline). iR $ F@fggigﬂgm ﬁa;:?:
{ i {‘? strict
- f Ifaﬁgieg“ ‘_% ’.imngsrclyne
In addition, The Nature Conservancy brokered many of the S e
. . . E . L, bah
conservation easements on private land near Las Cienegas. S8 S
! . ; . Babocomari
Easements (shown in red) are now held by a combination of _, S G s L
Bureau of Land Management, Arizona Land and Water Trust, R e EATAGONA Y
Coronado DLV e N P,
Audubon and The Nature Conservancy. National  Coronado National Forest | ',

Federally conserved lands are shown in green. State conserved lands are shown in blue.
State lands managed under Pima County’s Ranch conservation program are shown on
orange. Red areas are County and private conservation lands.











FW: LCNCA channel cross sections, 1993 and 2006, with water noted

		From

		Julia Fonseca

		To

		Leidy, Robert

		Cc

		''Gita Bodner' (gbodner@TNC.ORG)'

		Recipients

		Leidy.Robert@epa.gov; gbodner@TNC.ORG



Hi, Robert, is this the type of data you want?  The is a repeat cross section measured in 1993 and 2006 describing elevation of plant communities relative to cross-sectional geometry of the floodplain, with remarks about where surface water was at the time.  



-----Original Message-----

From: Gita Bodner [mailto:gbodner@tnc.org] 

Sent: Friday, June 28, 2013 6:36 PM

To: Julia Fonseca

Subject: LCNCA channel cross sections, 1993 and 2006, with water noted



Is this the type of info you thought would be useful?

Some show water, e.g. EG1; others do not (were dry). 



I think that comprehensive survey of the channel by Lawson and Huth would have lots of info on depth to surfacewater in it, but needs someone with more experience working with that kind of survey data to work with it easily. 



Gita



Lawson, L,. and H. Huth. 2003. Lower Cienega Creek Restoration Evaluation Project: An investigation into developing quantitative methods for assessing stream channel physical condition. Arizona Water Protection Fund Grant #90-068 WPF. Produced by the Arizona Department of Environmental Quality, Southern Regional Office Tucson AZ, Report #EQR0303. 76 p.  
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						104.2			-0.55			104.2			1.20			103			2.65			-2.08








AG8


						59I?


			Creek Segment Name & Number			Cienega Creek Ag Fields #8


			Location description			at N end of ag fields just downstream of old earthen dam. Lin Lawson's rebar marker (ADEQ 520-628-6733) is ~8" upstream from BLM Tpost


			HUB


			GPS coordinates


			Date			25-Mar-06


			Compas bearing			340 degrees


			Photos			(1) volunteers working, (2) at T-post X-transect, (3-4) at 15.4ft from T-post, upstream & downstream, (5-6) at 50.7ft from T-post, upstream & downstream


			Photos scanned?


			T-post on which bank?			east


			Ht of Tpost, base to top			3.93


			Instrument height at T-post			4.73


						Segment			cumulative horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						start			0			4.73			0			terrace			sacaton, mesquite bosque


									3.4			5.65			0.92			first drop on terrace			sacaton, mesquite bosque						terrace is eroding on the DS side, responding to a lateral headcut that may undermine the T-post


									6.9			6.55			1.82			low point in terrace slope			sacaton, mesquite bosque						terrace is eroding on the DS side, responding to a lateral headcut that may undermine the T-post


									14.5			6.19			1.46			edge of bank			sacaton, mesquite bosque


									18.1			8.35			3.62			bank slope			sacaton, mesquite bosque


									20.7			9.82			5.09			bank slope			sacaton, mesquite bosque


									28.5			12.92			8.19			bottom of bank			mature willow and mature cottonwood with grass, including sacaton


									35.8			12.75			8.02			floodplain			mature willow and mature cottonwood with grass, including sacaton


									44.5			13.05			8.32			floodplain			mature willow and mature cottonwood with grass, including sacaton


									48.8			13.72			8.99			dip in floodplain			mature willow and mature cottonwood with grass, including sacaton						dip may act as an overflow channel when flow is moderately high.


									51.9			12.98			8.25			floodplain			mature willow and mature cottonwood with grass, including sacaton


									55.7			12.98			8.25			floodplain			mature willow and mature cottonwood with grass, including sacaton


									61.7			13.53			8.8			floodplain			mature willow and mature cottonwood with grass; first deergrass


									67.7			13.52			8.79			floodplain			mature willow and mature cottonwood with grass; deergrass


									72.2			14.02			9.29			slope from floodplain to active channel			mature willow and mature cottonwood with grass; deergrass


									75.1			14.95			10.22			right edge of channel			Baccharis, deergrass, old willow


									77			15.35			10.62			in channel			deergrass


									78.3			15.43			10.7			thalwag			deergrass			dry


									79.3			15.18			10.45			left edge of channel			deergrass


									81.7			14.32			9.59			slope up from channel			deergrass and hackberry


									82.9			13.14			8.41			low terrace			bare


									86.6			12.82			8.09			low terrace			sacaton


									89			12.4			7.67			base of apron from cutbank			sacaton, whitethorn acasia


									94.7			9.39			4.66			base of cutbank (top of apron)			sacaton, graythorn


									97.6			4.44			-0.29			top of bank			sacaton, mesquite bosque


									100			3.74			-0.99			upper terrace			sacaton, mesquite bosque


									103			2.65			-2.08			upper terrace			sacaton, mesquite bosque


			1993


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			15.4			-0.5															mesquite, sacaton


			28.7			8.3															mesquite, sacaton


			50.7			9.4															bare ground, alluvium, deergrass, willow


			65.4			10.5															deergrass, willow


			74.7			10.7			wet edge												deergrass, sedge, willow


			82.3			11			wet edge												water, watercress


			86			8.5															deergrass


			92.6			7.9															deergrass, bermuda


			99.4			5.2															sideoats gramma


			108			-1.7															mesquite, sacaton
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						59I


			Creek Segment Name & #			Cienega Creek Ag Fields #7


			Location description			Across from Ag fields photo point and downstream from crossvein weir that replaced concrete dam; directly across from fence walk-through and Ag Field photo point RP1-4-90, just downstream from photo pt. 59I B (tagged on large cottonwood tree). T-post is on W bank on edge of road; orange carsonite on E bank.


			HUB


			UTM coordinates			0539220			3522086


			Date			22-Mar-06


			Compas bearing			132 degrees


			Photos			TNC digital camera (__) X-transect, (22-23) water's edge-upstream, (18-21) water's edge-downstream


			Photos filed?


			T-post bank			west


			Instrument ht @ T-post (ft)			4.55


															corrected elevation, minus instrument height


						Horiz. distance, ft			Elevation diffc, ft			corrected elevation			Zone			Plant Community			Comments


						0			4.55			0			terrace; possibly created by road			Sacaton, mesquite, hackberry


						2.2			4.95			0.4			top of bank			Sacaton, mesquite, hackberry


						4.1			6.21			1.66			bank break			Sacaton, mesquite, hackberry


						10			8.26			3.71			bank slope


						16			10.46			5.91			bank slope			mature cottonwood with juniper


						24.5			13.02			8.47			bank slope			mature cottonwood with juniper


						27.4			14.16			9.61			bank slope			grass


						30.4			14.88			10.33			floodplain slope			upper edge of Eleocharis & grass zone


						37			15.27			10.72			floodplain slope			upper edge of deer grass band


						39.6			15.78			11.23			floodplain slope			Eleocharis, deer grass, & Paspalum


						43.2			16.43			11.88			floodplain slope			Eleocharis, Paspalum


						45.3			16.88			12.33			left edge of bare channel			bare


						46.5			17.06			12.51			thalweg (dry)			bare


						48.8			16.73			12.18			Right edge of bare channel			bare


						49.8			16.03			11.48			bank slope			mature willow & sapling ash


						57.3			13.7			9.15			bank slope			upper edge of mature willow


						60.1			12.46			7.91			flood debris			grass-herb terrace


						65			11.52			6.97			end of flood debris			grass-herb terrace


						75.5			10.67			6.12			lower edge of steep cutbank that leads to upper terrace


						78.5			10.06			5.51			slope of cutbank			hackberry


						86.8			4.87			0.32			slope of cutbank			mature mesquite, graythorn


						89.9			4.37			-0.18			upper terrace			mature mesquite, graythorn


			1993 data


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			12			4.4


			23.2			8.5


			30.9			10.6


			43			11.7			wet edge


			50.3			11.7			wet edge


			56.9			9.6


			68.7			6.5


			80.9			5.3


			93.1			-0.8
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						59H?


			Creek Segment Name & Number			Cienega Creek Ag Fields #5


			Location description


			GPS coordinates


			Date			25-Mar-06															.


			Compas bearing			~260 degrees


			Photos


			Photos scanned?


			T-post on which bank?			E


			Ht of Tpost, base to top			3.98


			Instrument height at T-post			6.07


						Segment			cumulative horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						start			0			6.07			0			upper terrace			sacaton, mesquite


									7			7.54			1.47			bank slope			sacaton, mesquite


									8.7			8.21			2.14			bank slope			sacaton, mesquite


									12.5			9.21			3.14			bank slope			sacaton, mesquite


									16			10.36			4.29			bank slope			sacaton, mesquite


									19			11.37			5.3			bank slope			sacaton, mesquite


									22			11.87			5.8			bank slope			sacaton, mesquite, deergrass


									25			12.04			5.97			bank slope			deergrass, cottonwood, mesquite


									28			14.15			8.08			bank slope			deergrass, cottonwood, mesquite


									31.2			14.95			8.88			right edge of channel			deergrass, cottonwood, willow


									33			15.71			9.64			active channel			deergrass, bullrush, willow


									34.3			16.19			10.12			thalwag			bullrush, cattails


									36.7			15.78			9.71			active channel			bullrush, cattails


									39.8			15.45			9.38			left edge of active channel			bullrush, cattails


									41.8			15.13			9.06			bank			bermuda grass, eleocharis


									44.6			14.64			8.57			bank			bermuda grass, eleocharis


									47.3			14.38			8.31			bank			deergrass, willow, yerba mansa


									52			13.42			7.35			bank			sacaton, willow


									54.2			13.97			7.9			floodplain			sacaton, willow


									56.6			13.6			7.53			floodplain			sacaton, willow, cottonwood


									60.3			13.47			7.4			floodplain			sacaton, willow, cottonwood


									63.5			12.5			6.43			mid slope of floodplain			sacaton, cottonwood			flood debris


									67.4			12			5.93			mid slope of floodplain			sacaton, cottonwood			flood debris


									70.8			12.27			6.2			mid slope of floodplain			sacaton			flood debris


									75			12.12			6.05			slope			sacaton, mesquite			flood debris


									84			11.82			5.75			slope			sacaton, mesquite			top of flood debris


									91.7			10.7			4.63			slope to terrace			sacaton, mesquite


									97			10.92			4.85			slope to terrace			sacaton, mesquite


									105			9.67			3.6			slope to terrace			sacaton, mesquite


									116			7.94			1.87			top of slope			sacaton, mesquite			"tertiary terrace"


									123			7.75			1.68			top of slope			sacaton, mesquite			"tertiary terrace"


									127			7.6			1.53			top of slope			sacaton, mesquite			"tertiary terrace"


			1993


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			13.1			3.2


			22.6			6.1


			29.5			8.3			wet edge (marshy)


			49.9			8.8			wet edge (marshy)


			61.5			8


			96.8			5.2


			116.3			2.2


			131			2.3
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						59J


			Creek Segment Name & Number			Cienega Creek #0


			Location description			at Bahti's Bog just below old road crossing


			GPS coordinates


			Date			9-May-06


			Compas bearing			78degrees (magnetic reading; =90deg from true North)


			Photos			US & DS from trees' edge (145ft); US & DS from channel center (75ft); EtoW, & WtoE (2 shots each)


			Photos scanned?			y


			T-post on which bank?			W; missing T-post replaced


			Instrument ht@T-post (ft)			5.6


			Tpost height (ft)			3.6


						Segment			Horizontal distance, ft			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						Carsonite sign			0			5.45			0			upper terrace			sacaton, mesquite


									19			5.83			0.38			top of cutbank			sacaton, mesquite


									26			11.85			6.4			bottom of cutbank			sacaton, mesquite


									35			13.85			8.4			overflow channel in bottom of channel			cotonwood, willow, ash			Highest flood debris


									46			13			7.55			top of pile of flood debris			cotonwood, willow, ash


									53			13.75			8.3			back in floodplain			cotonwood, willow, ash


									70			14.75			9.3			E edge of active channel			cotonwood, willow, ash			channel is dry


									72			15.1			9.65			thalweg of active channel			cotonwood, willow, ash			channel is dry


			moved level slightly for better visibility; new position is 0.05ft higher						84.5			14.8			9.3			W edge of active channel			Scirpus			channel is dry


									94			12.8			7.3			top of center island			annual forbs, grasses; SAGO


									106			12.8			7.3			top of center island			annual forbs, grasses; SAGO


									115			13.25			7.75			W edge of island			annual forbs, grasses; SAGO


									120.5			15.5			10			E edge of second channel			annual forbs, grasses; SAGO			channel is dry


									123			15.55			10.05			thalweg of second channel			annual forbs, grasses; SAGO


									126			15.4			9.9			W edge of second channel			annual forbs, grasses; SAGO


																					.


			re-set level at T-post for better visibility; took duplicate readings to reconcile readings from both ends						106			10.82			7.3			top of center island			annual forbs, grasses; SAGO


									123			13.55			10.03			thalweg of second channel			annual forbs, grasses; SAGO


									126.3			13.1			9.58			W edge of second channel			cottonwood, sacaton


									134			12.24			8.72			E edge of sacaton floodplain			sacaton


									145			12.25			8.73			transition between FP and riparian chennel			sacaton


									163			10.96			7.44			sacaton floodplain			sacaton


									174			10.76			7.24			sacaton floodplain: mound			sacaton


									180.3			11.77			8.25			sacaton floodplain:dip			sacaton


									187			10.92			7.4			sacaton floodplain:mound			sacaton


									207			11.29			7.77			sacaton floodplain			sacaton


									216			11.44			7.92			sacaton floodplain			sacaton


									231			11.35			7.83			bottom of slope to terrace			sacaton, mesquite


									260			7.25			3.73			middle of slope to terrace			sacaton, mesquite


						Tpost			273			5.6			2.08			terrace			annual forbs, mesquite


			1993																		2006


			Segment			Horizontal distance, ft			Elevation difference, ft			cumulative horizontal distance			corrected elevation (minus instrument height)						reverse horizontal distance			Elevation difference, ft			corrected elevation (minus instrument height at Tpost)			corrected elevation (minus instrument height)


			Steel T-Post			0						0			0						273			5.45			-2.08			0


			1			39.3			10			39.3			6						254			5.83			-1.7			0.38


			2			20.8			10.4			60.1			6.4						247			11.85			4.32			6.4


			3			20.6			11.2			80.7			7.2						238			13.85			6.32			8.4


			4			15.9			9.8			96.6			5.8						227			13			5.47			7.55


			5			9.2			10.3			105.8			6.3						220			13.75			6.22			8.3


			6			3.8			11			109.6			7						203			14.75			7.22			9.3


			7			12.3			12.6			121.9			8.6						201			15.1			7.57			9.65


			8			9.6			13.1			131.5			9.1			begin wet zone			188.5			14.8			7.22			9.3


			9			7.6			13.2			139.1			9.2			begin aquatic			179			12.8			5.22			7.3


			10			5.7			13.2			144.8			9.2			end of aquatic			167			12.8			5.22			7.3


			11			16.2			12.8			161			8.8			end of wet zone			158			13.25			5.67			7.75


			12			3.4			12.9			164.4			8.9			island sand bar			152.5			15.5			7.92			10


			13			11.5			12.8			175.9			8.8			island bank (sand)			150			15.55			7.97			10.05


			14			9			12.5			184.9			8.5			2.9 correction wet zone			147			15.4			7.82			9.9


			15			16.9			12.9			201.8			8.9			wet zone			139			12.24			6.64			8.72


			16			2			12.8			203.8			8.8						128			12.25			6.65			8.73


			17			10.7			12.5			214.5			8.5						110			10.96			5.36			7.44


			18			5.9			11.2			220.4			7.2						99			10.76			5.16			7.24


			19			7.4			11.7			227.8			7.7						92.7			11.77			6.17			8.25


			20			12.4			10.9			240.2			6.9						86			10.92			5.32			7.4


			21			6			10.2			246.2			6.2						66			11.29			5.69			7.77


			22			9.8			2.4			256			-1.6						57			11.44			5.84			7.92


			post			12			2.2			268			-1.8						42			11.35			5.75			7.83


																					13			7.25			1.65			3.73


																					0			5.6			0			2.08


												131.5			9.1			begin wet zone


												139.1			9.2			begin aquatic


												144.8			9.2			end of aquatic


												161			8.8			end of wet zone


												184.9			8.5			2.9 correction wet zone


												201.8			8.9			wet zone


												139.1			9.2			begin aquatic


												144.8			9.2			end of aquatic
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						59M


			Creek Segment Name & #			Cienega Creek #7


			Location description			at RACE photo point B, segment 026090-1M-89


			UTM coordinates			0538856			3516056


			Date			21-Mar-06


			Compas bearing			95


			Photos			TNC digital camers (3,4) across channel from Tpost, (5) W across channel from carsonite, (6) across channel from top of east bank, (7)upstream at edge of trees, ~55' from Tpost, (8)DS from same, (9)Usat 100', (10) DS at 100', (11) Karen at tripod.


			Photos filed?			n


			T-post on which bank?


			Instrument ht@T-post (ft)			4.7						corrected elevation (minus instrument height)


						Horizontal distance, ft			Elevation diff, ft			corrected elevation			Zone			Plant Community			Comments


						0			4.7			0			upper terrace			sacaton/mesquite, annuals


						3.5			4.78			0.08			upper terrace			sacaton


						7.7			4.86			0.16			upper terrace, edge of dropoff			bare soil


						9.1			6.88			2.18			slope break in eroding bank			bare soil


						17			8.86			4.16			top of eroding bank			bare soil


						19.1			14.4			9.7			top of apron from eroding bank			mesquite, sacaton; few small junipers


						24.6			17.58			12.88			bottom of apron			bermuda grass, Typha, drowned mesquite


						37			19.24			14.54			mud starts			bermuda grass, Typha


						47.3			19.42			14.72			left edge of water			bermuda grass, Typha			foot/animal trail here is pooling water in what is saturated soil all around.


						55			19.2			14.5			dry			willows			dry


						60.4			19.52			14.82			wet			willows, Juncus			willows ~2"-7" diameter


						61.8			19.48			14.78			dry			willows


						65.8			19.63			14.93			wet			willows			water depth 0.2'


						69			19.2			14.5			dry			willow hummock


						72.2			19.6			14.9			wet			willows			water depth 0.2'


						82			18.86			14.16			dry			willows, cottonwood (~12"diam)


						92.9			19.62			14.92			wet			willow, Carex ultra, Typha, Scirpus			water depth 0.3'


						100			19.56			14.86			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.3'


						115			19.59			14.89			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.3'


						130			19.53			14.83			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.4'; local ~22' diameter opening in willow thicket from ~115-140 along tape


						145			19.54			14.84			wet			willow, Carex ultra, Typha, Scirpus, Hydrocotyl			water depth 0.4'


						160			19.42			14.72			wet			willow, Typha, Veronica, Hydrocotyl


						170			19.44			14.74			wet			"pussytoes" grapss, plus above			water depth 0.2'


						175.8			18.82			14.12			wet			Juncus, grass, aquatics from above			in hummock of willow clump


						184.4			19.82			15.12			wet			as above			water depth 0.5'


						189			18.2			13.5			right edge of water			cottonwoods, most ~3"-8"diameter


						193.6			18.46			13.76			base of dirt clump from bank			cottonwoods


						199			17.22			12.52			bottom of cutbank			cottonwood, one mesquite


						206.25			4.52			-0.18			top edge of cliff			sacaton/mesquite


						219.25			3.58			-1.12			flat of terrace			sacaton/mesquite			sinkhole from 230-239, >2'deep in places


						249.25			3.68			-1.02			carsonite sign			sacaton/mesquite


									1993 data									1993 wet


												this presumes that instruments were 4' above the ground in these as well as the ag field surveys									this presumes that instruments were 4' above the ground in these as well as the ag field surveys


									cumulative horizontal distance			corrected elevation (minus instrument height)						cumulative horizontal distance			corrected elevation (minus instrument height)


									0			0


									8.4			-0.35


									15			3.01


									25			14.1


									42.3			16.9


									56.5			16.3


									59.6			17.1			start wet zone			59.6			17.1			start wet zone


									72.9			16.6			second channel			72.9			16.6			second channel


									79.7			16.8			bank of second channel									bank of second channel


									96.9			17.8			beginning of aquatic			96.9			17.8			beginning of aquatic


									96.9									96.9


									99.7			17.4			waters edge			99.7			17.4			waters edge


									123.7			17.3			aquatic zone			123.7			17.3			aquatic zone


									149.2			17			end aquatic			149.2			17			end aquatic


									160.8			16.9			wet zone			160.8			16.9			wet zone


									197.8			15.9


									202.8			0.4


									248.1			-0.4
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			Creek Segment Name & #			Empire Gulch #1			62A?


			Location description			Empire Gulch upstream ~200m from Cienega Creek confluence


			UTM coordinates			538845			3519029


			Date			10-Apr-06


			Compas bearing			95 degrees from magnetic N


			Photos			(1) X-transect, (2) water's edge-upstream from near bank, (3) water's edge-downstream from near bank; (4&%) US&DS from center of channel; (6)cross from S to N


			Photos filed?			y


			T-post bank			North


			height of T-post, bottom to top			4.12


			Instrument ht @ T-post (ft)			4.46


						Horizontal distance, ft			Elevation difference, ft			corrected elevation (minus instrument height)			Zone			Plant Community			Comments


						0			4.46			0			terrace; T-post			sacaton, mesquite


						15			4.27			-0.19			terrace			sacaton, mesquite


						20			4.86			0.4			terrace			sacaton, mesquite


						22.7			4.54			0.08			top of cutbank			sacaton, mesquite


						23.2			6.56			2.1			partway down cutbank			sacaton, mesquite


						26.3			8.39			3.93			near bottom of cutbank			yerba mansa			US & DS photos taken


						31.3			10.94			6.48			right edge of water; bottom of cutbank			yerba mansa, giant sedge, rumex


						37			12.1			7.64			aquatic zone; marsh			giant sedge			water ~6"deep


						48			11.65			7.19			aquatic zone; marsh			giant sedge, willow


						60			11.29			6.83			aquatic zone; marsh			giant sedge


						79			11.6			7.14			aquatic zone; marsh			giant sedge			US & DS photos taken


						84			11.34			6.88			aquatic zone; marsh			cat tail, giant sedge, willow ~3"diameter


						86			11.22			6.76			aquatic zone; marsh			cat tail, giant sedge


						96			12.4			7.94			aquatic zone; marsh			cat tail, giant sedge


						105			11.84			7.38			aquatic zone; marsh			cat tail, giant sedge			water ~6"deep


						108.4			11.1			6.64			left edge of water			yerba mansa, giant sedge


						111			8.46			4			slope of cutbank			sacaton, yerba mansa


						113.6			7.05			2.59			slope of cutbank			sacaton, mesquite


						114			4.42			-0.04			top of cutbank			sacaton, mesquite


						121.4			4.81			0.35			terrace; carsonite sign			sacaton, mesquite


			Dense mats of sedge make it difficult to distinguish channel bottom from vegetation; channel bottom wet all the way across, with some areas of deeper water but with only small patches of open water.


			cumulative horizontal distance			corrected elevation (minus instrument height)


			0			0


			21.5			0.1


			32			7.3


			79			7.3			aquatic-Cienega


			107.5			7.1			aquatic-Cienega


			115.5			0.5			slope; swamp to upper terrace


			121			0.7
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FW: LCNCA

		From

		Julia Fonseca

		To

		Goldmann, Elizabeth; Leidy, Robert

		Recipients

		Goldmann.Elizabeth@epa.gov; Leidy.Robert@epa.gov





FYI.

-----Original Message-----

From: Michael McNulty [mailto:Michael.McNulty@pcao.pima.gov] 

Sent: Monday, August 05, 2013 8:12 AM

To: Julia Fonseca; Brian Powell

Cc: Harlan Agnew

Subject: LCNCA



I think the Empire Ranch looks a little drier at this time of year than it should - or, at least drier than it has looked in early August in years past.

Nevertheless, if you get down near the creek, you feel like you're in an entirely different part of the planet.



________________________________



This message has been prepared and sent on resources owned by Pima County, Arizona. It is subject to the Computer Use Policy of the Pima County Attorney's Office, as well as the computer and electronic mail policies of Pima County and the Pima County Board of Supervisors.



photo.JPG








FW: Rosemont 404(b)(1) and HMMP Summary Memo

		From

		Brian Lindenlaub

		To

		Leidy, Robert

		Cc

		'Kathy Arnold'; 'ANDERSON, ROBERT'; Greg Williams; 'Blaine, Marjorie E SPL'; 'Diebolt, Sallie SPL'

		Recipients

		Leidy.Robert@epa.gov; karnold@rosemontcopper.com; RANDERSO@FCLAW.com; GWilliams@westlandresources.com; Marjorie.E.Blaine@usace.army.mil; Sallie.Diebolt@usace.army.mil



Rob,



 



Per the request of Sallie Diebolt (Corps), I am sending this email to notify you that the most current version of the 404b1 alternatives analysis and the HMMP summary document for the Rosemont Project are available at the link below. If you have any questions or require additional information, please don’t hesitate to contact me.



 



Regards,



Brian Lindenlaub | Principal



WestLand Resources, Inc.



 



From: File Transfer Notifications [mailto:notifications@filetransfers.net] 
Sent: Wednesday, September 25, 2013 4:38 PM
To: Brian Lindenlaub
Subject: Rosemont 404(b)(1) and HMMP Summary Memo



 



 





Files Have Been Sent





  _____  




Kristina Daley from WestLand Resources, Inc. has provided the link below to download files from the WestLand Resources, Inc. file transfer site:



https://westlandresources.filetransfers.net/downloadBatchPublic.php?batchId=7ffa07d4ffd34f358334d418f5d32a0a



Message from Kristina Daley:



Attached link to the above referenced documents for your use...



___________________________________________



These links will expire on 10/10/13, 4:38 pm PDT



------------------------------



If any link in this email doesn't work, please copy and paste it into your web browser's address or URL field.



Did this email not find its way to your Inbox? Add notifications@filetransfers.net to your address book or whitelist it to ensure you receive future emails from this source.



This transmission contains information intended to be confidential and solely for the use of WestLand Resources, Inc., its employees and/or associates, and those persons or entities to whom it is directed. It is not to be reproduced, retransmitted, or in any manner distributed. If you have received this email in error you should notify the sender and immediately delete this message and/or any attachments.



------------------------------



Transaction Source: WestLand Resources, Inc. FILETRANSFER SITE, https://westlandresources.filetransfers.net
Time/Date of Transaction: 04:38 PM on 25-Sep-13 






HGM references

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Hi, Robert,



 



You requested some information about the hydrogeomorphic methods used in Arizona.  See the attached pdf for a description taken from a Corp restoration study for the Santa Cruz River in Tucson.



 



http://rfcd.pima.gov/largefiles/pdli2/PDIeis.pdf  The Paseo DEIS is posted here.  It is the source for the above document.  



 



But there is a final EIS.  See EIS No. 20050477, Final EIS, COE, AZ, Santa Cruz River, Paseo de las Iglesias Feasibility Study, To Identify, Define and Solve Environmental Degradation, Flooding and Water Resource Problems, City of Tucson, Pima County, AZ, Wait Period Ends: December 19, 2005, Contact: Michael J. Fink 602-640-2001 Ext. 252.



 



http://www.usace.army.mil/Portals/2/docs/civilworks/CWRB/stcruz/SantaCruzRiverPaseodLI_Project_Summary_1-25-06.pdf  This is a policy review of some of the issues that came out when the Corps reviewed the Paseo project.  



 



 



 





HVA.pdf

14.4 Habitat Valuation Analysis (HGM)

1.0  Ecosystem Restoration Evaluation Methodologies
1.1  Species-Based Habitat Indices

USACE presently uses the habitat unit concept to characterize the non-monetary outputs
of ecosystems that must justify project costs. The concept is closely associated with
development of the Habitat Evaluation Procedures (HEP) developed under the lead of the
U.S. Fish and Wildlife Services (USFWS 1980a-c). HEP measures the effects of
environmental change through a series of species-based Habitat Suitability Indices (HSI)
developed for approximately 160 individual fish and wildlife species. The species-based
HSI models rely on field measured habitat parameters, which are integrated into a single,
probability-of-use index ranging from 0 to 1.0. HEP uses a simple multiplication product
of impacted area in acres and HSI to calculate Habitat Units (HUs).

Species-based Habitat Suitability Index (HSI) models deployed in the traditional Habitat
Evaluation Procedures (HEP) methodology are numerous, easy to use, are relatively
inexpensive, but not immediately available or applicable to the arid southwest region, and
do not capture all of the important habitat/ecosystem elements or all of the justifying
value needed to restore ecosystems. Species-based HSI models are not scaled based on
ecosystem integrity and should only be used to indicate a more naturally integrated
ecosystem condition when the HSI value is known for the targeted restored condition.
Few existing single-species HSI models satisfy these criteria well, but ecosystems might
be characterized by new models for native dominant and keystone species, including
dominant plant species and top-carnivore species, used in series with a few HSI models
for rare species in the community. Several species-based HSIs might then “bracket” the
community-habitat relationships satisfactorily, but the need for many new models offsets
the main existing advantage.

1.2 Community-Based Habitat Indices

Existing community- based HSI models offer more promise than species-based HSI
models because they are more efficient in capturing those habitat measures necessary for
restoring ecosystem integrity and can be compared across a wide range of ecosystems for
prioritization purposes (Stakhiv, et al. 2001). Community-based HSI models indicate
relative ecosystem value more inclusively than species-based models because they link
habitat more broadly to ecosystem components or functions. While species richness is
relatively easy to link to habitat features in community-based HSI models, species
richness may not predict the number of endangered species present in an ecosystem very
well. Most species richness measures are limited to one to a few taxonomic categories,
such as birds, fish, or aquatic insects. The taxonomic groups chosen for characterizing
integrity may not characterize to fine enough degree the habitat needs of the endangered
species.  Complete models would need to account for this potential deficiency by
assuring the diversity measure is inclusive of the vulnerable species or by including a
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separate relationship between vulnerable-species and habitat conditions. Again, each
community would require a unique model of habitat-species relationships. Relatively
few community prototype models have been developed, however, and most of the models
would require considerable investment to cover the variety of ecosystems managed by the
Corps.

1.3 Function-Based Indices

USACE’s Environmental Laboratory (Engineer Research and Development Center,
Vicksburg, MS) developed a similar approach to assessing the functional capacity of a
wetland using standard wetland assessment protocols typically deployed in the regulatory
arena. Referred to as the HydroGeoMorphic Approach (or HGM), an assessment model
is developed and serves as a simple representation of functions performed by a wetland
ecosystem (Ainslie et al. 1999). The model defines the relationships between one or
more characteristics or processes of the wetland ecosystem or surrounding landscape and
the functional capacity of a wetland ecosystem. Functional capacity is simply the ability
of a wetland to perform a function compared to the level of performance in reference
standard wetlands. The HGM methodology is based on a series of predictive Functional
Capacity Indices (FCIs) — quantifying the capacity of wetlands to perform a function
relative to other wetlands from a regional wetland subclass in a reference domain.
Functional capacity indices are by definition scaled from 0.0 to 1.0. An index of 1.0
indicates that a wetland performs a function at the highest sustainable functional capacity,
the level equivalent to a wetland under reference standard conditions in a reference
domain. An index of 0.0 indicates the wetland does not perform the function at a
measurable level and will not recover the capacity to perform the function through
natural processes. FCI models combine Variable Sub-indices VSIs in a mathematical
equation to rate the functional capacity of a wetland on a scale of 0.0 (not functional) to
1.0 (optimum functionality). An HGM subclass model is basically an assimilation of
several FCI models combined in a specific fashion to mimic a site’s functionality. Users
can review and select several FCI models to evaluate the overall site functionality. All
FCI models are described using a single FCI formula (refer to the Single Formula
Subclass Models section below). Some examples of HGM FCI models include
floodwater detention, internal nutrient cycling, organic carbon export, removal and
sequestration of elements and compounds, maintenance of characteristic plant
communities, and wildlife habitat maintenance.

1.4 Process Simulation Models

Process simulation models are based (in theory) on ecosystem process and offer the
greatest flexibility in use and management insight with respect to the output generated
with incremental additions of restoration measures (Stakhiv, et al. 2001). Functional
stability could in theory be analyzed directly. In terms of basic processes, similar
principles operate across all ecosystems. However, process models rely on fundamental
understanding of the way ecosystems operate and are extremely “information hungry”.
Much can be learned about how ecosystems work during assembly of process models, but
the ultimate models for evaluating non-monetized environmental service are many years
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away even if research investment were substantially increased. The past objections to
process models having to do with inadequate portability and computational capability are
less likely to apply now. Even so, the details of resource partitioning into communities
of different species richness and functional stability require much research and
development. In the process of assembling such models, much more could be learned
than from index models about managing ecosystem process for more reliable service
delivery (sustainable development?) across all monetized and non-monetized services.
Process simulation shows the most promise for incorporating tradeoff analysis within
single model operations.

1.5 Selection of the HGM Method for the Arizona Studies

In 2002, the District began the process of formulating alternative designs for the five
Arizona Ecosystem Restoration Planning Studies (EI Rio Antiguo on the Rillito River,
Paseo de las Iglesias and Tres Rios del Norte on the Santa Cruz River, Rio Salado Oeste
and VaShly’ay Akimel on the Salt River). The District partnered with the U. S. Army
Engineer Research and Development Center, Environmental Laboratory (EL), the U.S.
Fish and Wildlife Service (USFWS), and the Arizona Game and Fish Department
(AZGF) to ensure all stakeholder issues were considered.

Setting ecosystem restoration objectives and performance criteria on the holistic recovery
of “non-use” benefits, such as wildlife habitat, hydrology and biogeochemical processes,
was critical to the overall planning process for the studies. It is important to note that the
basic ecological premise behind ecosystem restoration is the recovery of limiting
components, defined by their primary functional characteristics, be they water, soils
and/or habitat structure. The primary goal of the studies was therefore focused on the
restoration of such functional components within the Study Area. To measure the
success of the ecosystem restoration proposals, the best available science was brought to
bear. In most ecosystem restoration studies, benefits are measured using quantifiable
techniques rather than qualitative assessments. It was important then, that the technique
selected to quantify benefits for the studies be repeatable, efficient and effective, as
results could be questioned by outside interests. Many rapid assessment techniques were
readily available to the Evaluation Teams in off-the-shelf formats in 2002, but for the
various reasons described in the next section, HGM was selected (HydroGeoMorphic
Assessment of Wetlands) to quantify the anticipated benefits gained by the proposed
ecosystem restoration activities.

Again, HGM emphasizes the functions associated with the range of physical and
chemical attributes comprising habitat of wetland ecosystems. It also incorporates a
structural index based on a set of species identified for the specific model application.
Although models used in a HEP methodology might be more appropriate to a riparian
setting in this region, their overall evaluation of potential changes to the ecosystem
dynamic are limited when capturing wetland functionality as a whole. The HGM
approach has one important advantage over the HEP methodology (HSI models in
particular) in that it is more inclusive of all ecosystem functions relevant to ecosystem
services. Available HEP models were limited to the habitat function in support of species
richness, and might overlook key hydrologic influences experienced in high-flow periods.
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1.6 Introduction To The HGM Process

Wetland ecosystems share a number of common attributes including relatively long
periods of inundation or saturation, hydrophytic vegetation, and hydric soils. In spite of
these common attributes, wetlands occur under a wide range of climatic, geologic, and
physiographic situations and exhibit a wide range of physical, chemical, and biological
characteristics and processes (Ainslie et al., 1999; Ferren, Fiedler, and Leidy, 1996;
Ferren et al., 1996a,b; Mitch and Gosselink, 1993; Semeniuk, 1987; Cowardin et al.,
1979). The variability of wetlands makes it challenging to develop assessment methods
that are both accurate (i.e., sensitive to significant changes in function) and practical (i.e.,
can be completed in the relatively short time frame available for conducting
assessments). Existing “generic” methods, designed to assess multiple wetland types
throughout the United States, are relatively rapid, but lack the resolution necessary to
detect significant changes in function. One way to achieve an appropriate level of
resolution within the available time frame is to reduce the level of variability exhibited by
the wetlands being considered (Smith et al., 1995).

The HydroGeoMorphic Assessment of Wetlands approach (HGM) was developed
specifically to accomplish this task (Ainslie et al., 1999; Brinson, 1993). HGM identifies
groups of wetlands that function similarly using three criteria (geomorphic setting, water
source, and hydrodynamics) that fundamentally influence how wetlands function.
“Geomorphic setting” refers to the landform and position of the wetland in the landscape.
“Water source” refers to the primary water source in the wetland such as precipitation,
overbank floodwater, or groundwater. “Hydrodynamics” refers to the level of energy and
the direction that water moves in the wetland. Based on these three criteria, any number
of “functional” wetland groups can be identified at different spatial or temporal scales.
For example, on a continental scale, Brinson (1993) identified five hydrogeomorphic
wetland classes. These were later expanded to the seven classes described in Table 1
(Smith et al., 1995).
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Table 1. HydroGeoMorphic Wetland Classes on a Continental Scale

HGM
Wetland
Class

Definition

Depression

Depression wetlands occur in topographic depressions (i.e., closed elevation contours) that allow the accumulation of surface water,
Depression wetlands may have any combination of inlets and outlets or lack them completely. Potential water sources are precipitation,
overland flow, streams, or groundwater/interflow from adjacent uplands. The predominant direction of flow is from the higher elevationsj
toward the center of the depression. The predominant hydrodynamics are vertical fluctuations that range from diurnal to seasonal.
Depression wetlands may lose water through evapotranspiration, intermittent or perennial outlets, or recharge to groundwater. Prairie
potholes, playa lakes, vernal pools, and cypress domes are common examples of depression wetlands.

Tidal Fringe

Tidal fringe wetlands occur along coasts and estuaries, and are under the influence of sea level. They intergraded landward with rivering
wetlands where tidal current diminishes, and river flow becomes the dominant water source. Additional water sources may be
groundwater discharge and precipitation. The interface between the tidal fringe and riverine classes is where bi-directional flows fromj
tides dominate over unidirectional ones controlled by floodplain slope of riverine wetlands. Because tidal fringe wetlands frequently
flood and water table elevations are controlled mainly by sea surface elevation, tidal fringe wetlands seldom dry for significant periods.
Tidal fringe wetlands lose water by tidal exchange, by overland flow to tidal creek channels, and by evapotranspiration. Organic matter
normally accumulates in higher elevation marsh areas where flooding is less frequent, and the wetlands are isolated from shoreline wave}
erosion by intervening areas of low marsh. Spartina alterniflora salt marshes are a common example of tidal fringe wetlands.

Lacustrine Fringe

Lacustrine fringe wetlands are adjacent to lakes where the water elevation of the lake maintains the water. Fringe table in the wetland. In{
some cases, these wetlands consist of a floating mat attached to land. Additional sources of water are precipitation and groundwater
discharge, the latter dominating where lacustrine fringe wetlands intergrade with uplands or slope wetlands. Surface water flow is bi-
directional, usually controlled by water-level fluctuations resulting from wind or seiche. Lacustrine wetlands lose water by flow
returning to the lake after flooding and evapotranspiration. Organic matter may accumulate in areas sufficiently protected from shoreline
wave erosion. Unimpounded marshes bordering the Great Lakes are an example of lacustrine fringe wetlands.
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Table 1. (cont.) HydroGeoMorphic Wetland Classes on a Continental Scale

HGM
Wetland
Class

Definition

Slope

Slope wetlands are found in association with the discharge of groundwater to the land surface or sites with saturated overland flow WithI
no channel formation. They normally occur on sloping land ranging from slight to steep. The predominant source of water is
groundwater or interflow discharging at the land surface.. Precipitation is often a secondary contributing source of water.
Hydrodynamics are dominated by down-slope unidirectional water flow. Slope wetlands can occur in nearly flat landscapes if
groundwater discharge is a dominant source to the wetland surface. Slope wetlands lose water primarily by saturated subsurface flows,
surface flows, and by evapotranspiration. Slope wetlands may develop channels, but the channels serve only to convey water away fromI
the slope wetland. Slope wetlands are distinguished from depression wetlands by the lack of a closed topographic depression and the
predominance of the groundwater/interflow water source. Fens are a common example of slope wetlands.

Mineral Soil

Mineral soil flats are most common on interfluves, extensive relic lake bottoms, or large floodplain terraces Flats where the main source
of water is precipitation. They receive virtually no groundwater discharge, which distinguishes them from depressions and slopes.
Dominant hydrodynamics are vertical fluctuations. Mineral soil flats lose water by evapotranspiration, overland flow, and seepage to
underlying groundwater.. They are distinguished from flat upland areas by their poor vertical drainage due to impermeable layers (e.g.,l
hardpans), slow lateral drainage, and low hydraulic gradients. Mineral soil flats that accumulate peat can eventually become organic soil
flats. They typically occur in relatively humid climates. Pine flatwoods with hydric soils are an example of mineral soil flat wetlands.

Organic Soil Flats

Organic soil flats, or extensive peat lands, differ from mineral soil flats in part because their elevation and Soil Flats topography are|
controlled by vertical accretion of organic matter. They occur commonly on flat interfluves, but may also be located where depressions
have become filled with peat to form a relatively large flat surface. Water source is dominated by precipitation, while water loss is by
overland flow and seepage to underlying groundwater. They occur in relatively humid climates. Raised bogs share many of these|
characteristics but may be considered a separate class because of their convex upward form and distinct edaphic conditions for plants,
Portions of the Everglades and northern Minnesota peat lands are examples of organic soil flat wetlands.
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Table 1. (cont.) HydroGeoMorphic Wetland Classes on a Continental Scale

HGM
Wetland

Class Definition
Riverine wetlands occur in floodplains and riparian corridors in association with stream channels. Dominant water sources are overbank
flow from the channel or subsurface hydraulic connections between the stream channel and wetlands. Additional sources may be
interflow, overland flow from adjacent uplands, tributary inflow, and precipitation. When overbank flow occurs, surface flows down the
floodplain may dominate hydrodynamics. In headwaters, riverine wetlands often intergrade with slope, depressional, poorly drained flat

Riverine wetlands, or uplands as the channel (bed) and bank disappear. Perennial flow is not required. Riverine wetlands lose surface water vi

the return of floodwater to the channel after flooding and through surface flow to the channel during rainfall events. They lose
subsurface water by discharge to the channel, movement to deeper groundwater (for losing streams), and evapotranspiration. Peat ma

accumulate in off-channel depressions (oxbows) that have become isolated from riverine processes and subjected to long periods o

saturation from groundwater sources. Bottomland hardwoods on floodplains are an example of riverine wetlands.
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In many cases, the level of variability in continental-scale wetland hydrogeomorphic
classes is still too immense to develop assessment models that can be rapidly applied
while being sensitive enough to detect changes in function at a level of resolution
appropriate to the planning process. For example, at a continental geographic scale the
depression class includes wetlands as diverse as California vernal pools (Zedler, 1987),
prairie potholes in North and South Dakota (Kantrud et al., 1989; Hubbard, 1988), playa
lakes in the high plains of Texas (Bolen et al., 1989), kettles in New England, and cypress
domes in Florida (Kurz and Wagner, 1953; Ewel and Odum, 1984).

To reduce both inter- and intra-regional variability, the three classification criteria
(geomorphic setting, water source, and hydrodynamics) are applied at a smaller, regional
geographic scale to identify regional wetland subclasses. In many parts of the country,
existing wetland classifications can serve as a starting point for identifying these regional
subclasses (Stewart and Kantrud, 1971; Golet and Larson, 1974; Wharton et al., 1982;
Ferren, Fiedler, and Leidy, 1996; Ferren et al., 1996a,b; Ainslie et al., 1999). In addition
to the three primary classification criteria, certain ecosystem or landscape characteristics
may also be useful for distinguishing regional subclasses in certain regions. For example,
depression subclasses might be based on water source (i.e., groundwater versus surface
water) or the degree of connection between the wetland and other surface waters (i.e., the
flow of surface water in or out of the depression through defined channels). Tidal fringe
subclasses might be based on salinity gradients (Shafer and Yozzo, 1998). Slope
subclasses might be based on the degree of slope, landscape position, source of water
(i.e., through-flow versus groundwater), or other factors. Riverine subclasses might be
based on water source, position in the watershed, stream order, watershed size, channel
gradient, or floodplain width. Examples of potential regional subclasses are shown in
Table 2 (Smith et al., 1995; Rheinhardt et al., 1997).

Regional Guidebooks include a thorough characterization of the regional wetland
subclass in terms of its geomorphic setting, water sources, hydrodynamics, vegetation,
soil, and other features that were taken into consideration during the classification
process. Classifying wetlands based on how they function, narrows the focus of attention
to a specific type or subclass of wetland, the functions that wetlands within the subclass
are most likely to perform, and the landscape/ecosystem factors that are most likely to
influence how wetlands in the subclass function. This increases the accuracy of the
assessment, allows for repeatability, and reduces the time needed to conduct the
assessment.
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Table 2. Potential Regional Wetland Subclasses in Relation to Geomorphic Setting, Dominant Water
Source, and Hydrodynamics

Geomorphic
Setting

Dominant Water
Source

Dominant
Hydrodynamics

Potential Regional Wetland Subclasses

Eastern USA

Western
USA/Alaska

Depression

Groundwater or
interflow

Vertical

Prairie pothole
marshes, Carolina
Bays

California vernal
pools

Ocean

Bidirectional,
horizontal

Chesapeake Bay
and Gulf of Mexico
tidal marshes

San Francisco Ba
marshes

Lake

Bidirectional,
horizonal

Great Lakes
marshes

Flathead Lake
marshes

Groundwater

Unidirectional,
horizontal

Fens

Avalanche chutes

Precipitation

Vertical

Wet pine
flatwoods

Large playas

Precipitation

Vertical

Peat bogs;
portions of
Everglades

Peatlands over
permafrost

Overbank flow
from channels

Unidirectional,
horizonal

Bottomland
hardwood forests

Riparian wetlands

Designed to assess wetlands as a whole, the HGM technique focuses on a wetlands’
structural components and the processes that link these components within a system
(Bormann and Likens, 1969). Structural components of the wetland and the surrounding
landscape (e.g., plants, soils, hydrology, and animals) interact with a variety of physical,
chemical, and biological processes. Understanding the interactions of the wetlands’
structural components and the surrounding landscape features is the basis for assessing
wetland functions and the foundation of the HGM Approach. By definition, wetland
functions are the normal or characteristic activities that take place in wetland settings.
Wetlands perform a wide variety of functions, although not all wetlands perform the
same functions, nor do similar wetlands perform the same functions to the same level of
performance. The ability to perform a function is influenced by the characteristics of the
wetland and the physical, chemical, and biological processes within the wetland.
Wetland characteristics and processes influencing one function often also influence the
performance of other functions within the same wetland system. Examples of wetland
functions evaluated with Functional Capacity Index (FCI) models are found in Table 3.
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Table 3. Wetland Functions Measured In HGM And Their Value To The Ecosystem

Functions Related to the
Hydrologic Processes

Benefits, Products, and Services
Resulting from the Wetland Function

Short-Term Storage of Surface Water:
The temporary storage of surface water for short
periods.

Onsite: Replenish soil moisture, import/export
materials, and provide a conduit for
organisms.

Offsite: Reduce downstream peak discharge and
volume, and help maintain and improve
water quality.

Long-Term Storage of Surface Water:
The temporary storage of surface water for long
periods.

Onsite: Provide habitat and maintain physical and
biogeochemical processes.

Offsite: Reduce dissolved and particulate loading
and volume, and help maintain and
improve surface water quality.

Storage of Subsurface Water:
The storage of subsurface water.

Onsite: Maintain biogeochemical processes.
Offsite: Recharge surficial aquifers, and maintain
base flow and seasonal flow in streams.

IModeration of Groundwater Flow or Discharge:
the moderation of groundwater flow or
groundwater discharge.

Onsite: Maintain habitat.

Offsite: Maintain groundwater storage, base flow,
seasonal flows, and surface water
temperatures.

IDissipation of Energy:
The reduction of energy in moving water at the
land/water interface.

Onsite: Contribute to nutrient capital of ecosystem.

Offsite: Reduced downstream particulate loading
helps to maintain or improve surface water|
quality.

Functions Related to
Biogeochemical Processes

Benefits, Products, and Services
Resulting from the Wetland Function

ICycling of Nutrients:
The conversion of elements from one form to
another through abiotic and biotic processes.

Onsite: Contributes to nutrient capital of the
ecosystem.

Offsite: Reduced downstream particulate loading
helps to maintain or improve surface water
quality.

IRemoval of Elements and Compounds:

The removal of nutrients, contaminants or other
elements and compounds on a short-term or long-
term basis through physical processes.

Onsite: Contributes to nutrient capital of the
ecosystem. Contaminants are removed, or
rendered innocuous.

Offsite: Reduced downstream loading helps to
maintain or improve surface water quality.

Retention of Particulates:
The retention of organic and inorganic particulates
on a short-term or long-term basis through physical
processes.

Onsite: Contributes to nutrient capital of the
ecosystem.

Offsite: Reduced downstream particulate loading
helps to maintain or improve surface water
quality.
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Onsite: Enhances decomposition and mobilization

Export of Organic Carbon: of metals.
The export of dissolved or particulate organic Offsite: Supports aquatic food webs and
carbon. downstream biogeochemical processes.

Benefits, Products, and Services

AURETHDTS [RE EUEE 0 sl Resulting from the Wetland Function

Onsite: Maintain habitat for plants and animals
(e.g., endangered species and critical
habitats) forest and agriculture products,
and aesthetic, recreational, and educational
opportunities.

Offsite: Maintain corridors between habitat islands
and landscape/regional biodiversity.

IMaintenance of Plant and Animal Communities:
the maintenance of plant and animal community
that is characteristic with respect to species
composition, abundance, and age structure.

Wetland functions represent the currency or units of the wetland system for assessment
purposes, but the integrity of the system is not disconnected from each function, rather it
represents the collective interaction of all wetland functions. Consequently, wetland
assessments using the HGM approach require the recognition by both the Assessment
Team and the end user that this link (i.e., between wetland function and system integrity)
is critical. One cannot develop criteria, or models, to maximize a single function without
having potentially negative impacts on the overall ecological integrity and sustainability
of the wetland system as a whole. For example, one should not attempt to create a
wetland to maximize water storage capacity without the recognition that other functions
(e.g., plant species diversity) will likely be altered from those similar wetland types with
less managed conditions. This does not mean that a wetland cannot be developed to
maximize a particular function, but that it will typically not be a sustainable system
without future human intervention.

The HGM approach is characterized and differentiated from other wetland assessment
procedures in that it first classifies wetlands based on their ecological characteristics (i.e.,
landscape setting, water source, and hydrodynamics). Second it uses reference sites to
establish the range of wetland functions. Finally, the HGM approach uses a relative
index of function (Functional Capacity Index or FCI), calibrated to reference wetlands, to
assess wetland functions. In the HGM methodology, a VSI, is a mathematical
relationship that reflects a wetland function’s sensitivity to a change in a limiting factor
or variable within the Partial Wetland Assessment Area or PWAA (a homogenous zone
of similar vegetative species, geographic similarities, and physical conditions that make
the area unique). Similar to cover types in HEP, PWAAs are defined on the basis of
species recognition and dependence, soils types, and topography. In HGM, VSIs are
depicted using scatter plots and bar charts (i.e., functional capacity curves). The VSI
value (Y axis) ranges on a scale from 0.0 to 1.0, where a VSI = 0.0 represents a variable
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that is extremely limiting and an VSI = 1.0 represents a variable in abundance (not
limiting) for the wetland.

Reference wetlands are wetland sites selected from a reference domain (a defined
geographic area), selected to “represent” sites that exhibit a range of variation within a
particular wetland type, including sites that have been degraded/disturbed as well as those
sites with minimal disturbance (Ainslie et al., 1999). The use of reference wetlands to
scale the capacity of wetlands to perform a function is one of the unique features of the
HGM approach. Reference provides the standard for comparison in the HGM approach.
Unlike other methods which rely on data from published literature or best professional
judgment, the HGM approach requires identification of wetlands from the same regional
subclass and from the same reference domain, collection of data from those wetlands, and
scaling of' wetland variables to those data. Since wetlands exhibit a wide range of
variability, reference wetlands should represent the range of conditions within the
reference domain. A basic assumption of HGM is that the highest, sustainable functional
capacity is achieved in wetland ecosystems and landscapes that have not been subject to
long-term anthropogenic disturbance (Smith et al., 1995). It is further assumed that under
these conditions the structural components and physical, chemical, and biological
processes within the wetland and surrounding landscape reach a dynamic equilibrium
necessary to achieve the highest, sustainable functional capacity. Reference standards are
derived from these wetlands and used to calibrate variables. However, it is also
necessary to recognize that many wetlands occur in less than standard conditions.
Therefore, data must be collected from a wide range of conditions in order to scale model
variables from 0.0 to 1.0, the range used for each variable subindex. To assist the user, a
list of key terms related to the reference wetland concept in the HGM methodology is
provided (Table 4).
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Table 4. Reference Wetland Terms and
Definitions
Definition
The geographic area from which reference wetlands representing the
regional wetland subclass are selected
A group of wetlands that encompass the known range of variability in
the regional wetland subclass resulting from natural processes and
disturbance and from human alteration.
The subset of reference wetlands that perform a representative suite of
functions at a level that wetlands is both sustainable and characteristic of
the least human altered wetland sites in the least human altered
Reference standard wetlands landscapes. By definition, the functional
The range of conditions exhibited by model variables in reference
Reference standard wetlands variable standard wetlands. By wetland variable definition, reference standard
condition conditions receive a variable subindex score of 1.0.
The highest level of function possible, given local constraints of
disturbance history, land use, (mitigation project or other factors. Site
Site potential potential may be less than or equal to the levels of function in reference
- Mitigation Project Context context) standard wetlands of the regio
Project target The level of function identified or negotiated for a restoration or creation

- Mitigation Project Context project.
Project standards Performance criteria and/or specifications used to

guide the restoration or creation activities (mitigation context) toward
Project standards the project target. Project standards should specify reasonable
- Mitigation Project Context contingency measures if the project target is not

In the HGM approach, an assessment model is a simple representation of a function
performed by the wetland ecosystem (Ainslie et al., 1999). It defines the relationship
between one or more characteristics or processes of the wetland ecosystem or
surrounding landscape and the functional capacity of a wetland ecosystem. Functional
capacity is simply the ability of a wetland to perform a function compared to the level of
performance in reference standard wetlands. The HGM methodology is based on a series
of predictive Functional Capacity Indices (FCIs). An index of the capacity of wetland to
perform a function relative to other wetlands from a regional wetland subclass in a
reference domain. Functional capacity indices are by definition scaled from 0.0 to 1.0. An
index of 1.0 indicates that a wetland performs a function at the highest sustainable
functional capacity, the level equivalent to a wetland under reference standard conditions
in a reference domain. An index of 0.0 indicates the wetland does not perform the
function at a measurable level and will not recover the capacity to perform the function
through natural processes. FCI models combine VSIs in a mathematical equation to rate
the functional capacity of a wetland on a scale of 0.0 (not functional) to 1.0 (optimum
functionality). An HGM subclass model is basically an assimilation of several FCI
models combined in a specific fashion to mimic a site’s functionality. Users can review
and select several FCI models to evaluate the overall site functionality. All FCI models
are described using a single FCI formula (refer to the Single Formula Subclass Models
section below). Some examples of HGM FCI models include floodwater detention,
internal nutrient cycling, organic carbon export, removal and sequestration of elements
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and compounds, maintenance of characteristic plant communities, and wildlife habitat
maintenance.

Reference sites used for model calibration for Arizona Studies included The Nature
Conservancy’s Hassayampa River Preserve, the Verde River at the confluence with the
Salt River, the Santa Cruz River at Tumacocori, the San Pedro River at the San Pedro
National Riparian Conservation Area, and Tanque Verde Wash upstream of the Rillito
River confluence. These sites were recommended based on the following criteria: 1)
they were reasonable sites considering current conditions, 2) they were in a similar
regional Riverine subclass to the Santa Cruz River with similar elevation, topography,
gradient, and stream order, 3) they represented important aspects of pre-historical
conditions, and 4) they were uniform across political boundaries. Model attendees agreed
that no truly ideal reference site exists and restoration to the ideal was not achievable due
to inability to remove all stressors. The goal in choosing these sites was that the
hydrologic, biogeochemical and habitat characteristics be as undisturbed as possible.

HGM model variables represent the characteristics of the wetland ecosystem (and
surrounding landscape) that influence the capacity of a wetland ecosystem to perform a
function. HGM model variables are ecological quantities that consist of five components
(Schneider, 1994). These include: 1) a name, 2) a symbol, 3) a measure of the variable
and procedural statement for quantifying or qualifying the measure directly or calculating
it from other measurements, 4) a set of values [i.e., numbers, categories, or numerical
estimates (Leibowitz and Hyman, 1997)] that are generated by applying the procedural
statement, and 5) units on the appropriate measurement scale. Table 5 provides several
examples.

Table 5. Components Of A Typical HGM Model Variables

Resulting Units
Measure/Procedural Statement Values (Scale)

Status of redoximorphic features/visual
inspection of soil profile for redoximorphic Present/ unitless
features Absent | (Nominal Scale)

Manning’'s Roughness Coefficient (n)
Observe wetland characteristics to determine 0.01
adjustment values for roughness component 0.1 unitless

to add to base value 0.21 (Interval Scale)

Tree basal area/measure diameter of trees in 5
Tree Biomass sample plots (cm), convert to area (m ), and 12.8 m%/ha
(Vrga) extrapolate to per hectare basis 36 (Ratio Scale)
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HGM model variables occur in a variety of states or conditions in reference wetlands
(Ainslie et al., 1999). The state or condition of the variable is denoted by the value of the
measure of the variable. For example, tree basal area, the measure of the tree biomass
variable could be large or small. Similarly, recurrence interval, the measure of overbank
flood frequency variable could be frequent or infrequent. Based on its condition (i.e.,
value of the metric), model variables are assigned a variable subindex. When the
condition of a variable is within the range of conditions exhibited by reference standard
wetlands, a variable subindex of 1.0 is assigned. As the condition deflects from the
reference standard condition (i.e., the range of conditions that the variable occurs in
reference standard wetland), the variable subindex is assigned based on the defined
relationship between model variable condition and functional capacity. As the condition
of a variable deviates from the conditions exhibited in reference standard wetlands, it
receives a progressively lower subindex reflecting its decreasing contribution to
functional capacity. In some cases, the variable subindex drops to zero. For example,
when no trees are present, the subindex for tree basal area is zero. In other cases, the
subindex for a variable never drops to zero. For example, regardless of the condition of a
site, Manning’s Roughness Coefficient (n) will always be greater than zero.

HGM combines both the wetland functionality (FCls measured with variables) and
quantity of a site to generate a measure of change referred to as Functional Capacity
Units (FCUs). Once the FCI and PWAA quantities have been determined, the FCU
values can be mathematically derived with the following equation: FCU = FCI x Area
(measured in acres). Under the HGM methodology, one FCU is equivalent to one
optimally functioning wetland acre. Like HEP, HGM can be used to evaluate further
conditions and the long-term affects of proposed alternatives by generating FCUs for
wetland functions over several target years. In such analyses, future wetland conditions
are estimated for both Without Project and With Project conditions. Projected long-term
effects of the project are reported in terms of Average Annual Functional Capacity Units
(AAFCUs) values. Based on the AAFCU outcomes, alternative designs can be
formulated, and trade-off analyses can be simulated, to promote environmental
optimization.
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RE: Cienega Creek ILF Mitigation site Concept

		From

		Chris Cawein

		To

		Leidy, Robert

		Cc

		Julia Fonseca; Kenneth Maits

		Recipients

		Leidy.Robert@epa.gov; Julia.Fonseca@pima.gov; Kenneth.Maits@pima.gov



Rob –



 



Not sure if you were hoping for ground shots or aerials but I was quickly able to locate on our set of 1936 aerial photos a shot of the Cienega Creek area and I believe I can place on that photo where the dam is located based on other nearby physiographic features.  I’ve embedded the 2012 aerial of the area in this email for comparison purposes.  



 



I saved that 1936 photo as a pdf and am attaching it to this email.   Unfortunately it split onto 2 pages but you can see at the bottom of the first page a pinch point in the creek where it turns at an approximate 90 degree angle to the west.   That appears to be the area of the dam.  



 



I am copying Ken Maits from RFCD on this email as Ken manages our Information Management Section as he might be assist in locating additional historical photos of the area.  Although we do have an aerial series from the 1940s, I do not believe they extend out this far.   Let me know if questions.  Regards, Chris



 



 



Chris Cawein



Interim Director



Natural Resources, Parks and Recreation



 



 



 







 



 



 



From: Leidy, Robert [mailto:Leidy.Robert@epa.gov] 
Sent: Wednesday, September 11, 2013 3:15 PM
To: Chris Cawein
Subject: RE: Cienega Creek ILF Mitigation site Concept



 



Hello Chris,



 



Thank you in taking the time to taking with me and  Elizabeth and for sending this along; it has proved helpful in our ongoing discussions with the Corps. I was talking to Julia Fonseca today about the availability of historical images of Pantano Wash below the dam and she believes that Pima County Flood Control might have photos from the 1930s-1960s scanned and available. We would be interested in getting these photos, perhaps electronically, if available.



 



I realize that you have new duties now and are very busy. Perhaps you know of a contact with Pima County that might be able to assist us?



 



Thanks again,



 



Rob



 



 



 



 



______________________________



Robert A. Leidy, Ph.D.



U.S. Environmental Protection Agency



Wetlands Office (WTR-8)



75 Hawthorne Street



San Francisco, CA 94105



(415) 972-3463



 



 



 



 



From: Chris Cawein [mailto:Chris.Cawein@pima.gov] 
Sent: Monday, September 09, 2013 9:54 AM
To: Goldmann, Elizabeth
Cc: Suzanne Shields
Subject: Cienega Creek ILF Mitigation site Concept



 



Elizabeth – Attached is the latest plan for this proposed ILF site as discussed this morning.  



 



Please let me know if questions and also please confirm receipt of this due to its fairly large size.  Thanks, Chris



 



Chris Cawein



Interim Director



Natural Resources, Parks and Recreation
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RE: ET and climate change

		From

		Juliet Stromberg

		To

		Julia Fonseca

		Cc

		Leidy, Robert

		Recipients

		Julia.Fonseca@pima.gov; Leidy.Robert@epa.gov



Julia,



You have a good memory! Here is the paper, authored by our regional riparian ET expert Pam Nagler (see Fig. 3).



Thank you for the (sad) but important information about the riparian die-offs.



Julie



 



Dr. Julie Stromberg



School of Life Sciences



Arizona State University



Tempe AZ 85287-4501



 



Office: LSE 717 



Phone: (480)965-0864 or (602)276-2635



 



 



 



 



From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 
Sent: Monday, July 01, 2013 12:10 PM
To: Juliet Stromberg
Cc: 'Leidy, Robert (Leidy.Robert@epa.gov)'
Subject: ET and climate change



 



Hi, Julie,



 



I recall you once shared with me a graph relating change in temperature to riparian ET, but I could not find it in my files.  Robert Leidy, EPA Senior Scientist in SF, would appreciate any information you might have, and so would I.  



 



BTW, last week I observed recent ongoing die-off of cottonwoods and mesquite bosque going on in parts (less than 10%?) of the San Pedro Valley north of Redington, south of San Manuel.   We are losing more of the bosque in the Cienega Creek Natural Preserve during the time period 2005-2011, too.  The recent LiDAR work supports a decline in canopy height in that plant community.  And Miguel Villareal has documented loss of bosque along Davidson, most of it during 2002-2006 drought.



 



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov



 





nagler_et_climate.pdf

Available online at www.sciencedirect.com
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Abstract

A vegetation index (VI) model for predicting evapotranspiration (ET) from data from the Moderate Resolution Imaging Spectrometer
(MODIS) on the EOS-1 Terra satellite and ground meteorological data was developed for riparian vegetation along the Middle Rio Grande
River in New Mexico. Ground E'T measurements obtained from eddy covariance towers at four riparian sites were correlated with MODIS
Vs, MODIS land surface temperatures (LSTs), and ground micrometeorological data over four years. Sites included two saltcedar (Tamarix
ramosissima) and two Rio Grande cottonwood (Populus deltoides ssp. Wislizennii) dominated stands. The Enhanced Vegetation Index (EVI)
was more closely correlated (7=0.76) with ET than the Normalized Difference Vegetation Index (NDVI; »=0.68) for ET data combined over
sites and species. Air temperature (7,) measured over the canopy from towers was the meteorological variable that was most closely
correlated with ET (#=0.82). MODIS LST data at 1- and 5-km resolutions were too coarse to accurately measure the radiant surface
temperature within the narrow riparian corridor; hence, energy balance methods for estimating ET using MODIS LSTs were not successful.
On the other hand, a multivariate regression equation for predicting ET from EVI and T, had an ~°=0.82 across sites, species, and years. The
equation was similar to VI-ET models developed for crop species. The finding that ET predictions did not require species-specific equations
is significant, inasmuch as these are mixed vegetation zones that cannot be easily mapped at the species level.
© 2004 Elsevier Inc. All rights reserved.

Keywords: ET; Eddy covariance; Rio Grande; Tamarix; Populus; EVI; LST; MODIS

1. Introduction

As in other arid and semiarid regions, western U.S. rivers
service agricultural, urban, and environmental needs; yet
they are inherently variable in flow, both scasonally and
interannually (Hartmann et al., 2002). Evapotranspiration
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* Tel: +1 805 893 4541; fax: +1 805 8§93 2578.

0034-4257/8 - see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/}.rse.2004.08.009

(ET) by riparian vegetation can account for 20-30% of total
river discharge, as along the Rio Grande in New Mexico
(Dahm et al., 2002), so river water budgets require estimates
of riparian ET. However, obtaining accurate estimates has
been challenging because a riparian floodplain is a complex
mosaic of species associations with different canopy
characteristics and percent vegetation cover (%C) (Dahm
et al., 2002; Goodrich et al., 2000; Zamora et al., 2001;
Congalton et al., 1998 and U.S. Dept. of Interior, 2000).
Eddy covariance flux towers have been established to
measure ET on several western rivers, including the Lower
Colorado River (Craig Westenberg, United States Geo-
logical Survey, pers. comm., DeMeo et al., 2003), the San
Pedro River (Goodrich et al., 2000; Scott et al., 2000, 2003,
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2004), and the Middle Rio Grande (Cleverly et al., 2002;
Dahm et al., 2002). The towers provide ET and carbon
dioxide fluxes integrated over several thousand square
meters (approx. 50 m * 50 m) (Cooper et al.,, 2003),
Hence, they can provide ET estimates for typical mixed-
species associations along a river. They have been deployed
in riparian plant associations dominated by mesquite
(Prosopis spp.; Scott et al., 2000, 2004, 2003), giant sacaton
(Sporobolus wrightii; Scott et al., 2000), cottonwood
(Populus spp.; Cleverly et al., 2002; Dahm et al., 2002),
and saltcedar (Tamarix ramosissima; Cleverly et al., 2002).
Eddy covariance is considered to be the most accurate
method for measuring ET at scales of 100 m—1 km (Rana &
Katerji, 2000), but the towers must be calibrated and
verified for each site.

The current challenge is to find reliable methods to scale
these point estimates of ET to larger river stretches and to
incorporate these wvalues into riparian water budgets
(Coonrod & McDonnell, 2001; Cooper et al., 2000, 2003;
Dahm et al., 2002; Goodrich ¢t al., 2000; Kustas et al.,
2002; Prueger et al., 2001). Two approaches have been
taken to predict ET from remote sensing data: physical
models (Gillies et al., 1997) and empirical models that relate
ET to vegetation index (VI) measurements over a growing
season (Choudhury et al., 1994),

1.1. Physical models

Physical models attempt to predict ET from the surface
energy balance equation:

R,—G=H+IE (1)

where R, 1s net radiation, & is soil heat flux, /{ is sensible
heat flux density, A is the latent heat of vaporization for
water, and E (mm d™') is the rate of water vapor flux from
the surface to the atmosphere (Monteith & Unsworth, 1990),
which is equivalent to ET in this study. Surface energy
fluxes depend strongly on AE (Gillies et al., 1997; Moran et
al.,, 1994). The simplified method (Carlson et al., 1995) is
based on an equation in the form:

Rizs — ET24 = B(To13 — Tap3)" (2)

where R4 and ET,4 are net radiation and ET (mm d™h
mtegrated over a 24 hour period, respectively, 7,5 and
T3 are surface radiant temperature and air temperature
measured near the time of local maximum (e.g., 1300 h
local time), respectively. B and the exponent n are pseudo
constants that need to be determined for each application.
Carlson et al. (1995) showed that these constants are
functions of %C as estimated by Normalized Difference
Vegetation Index (NDVI). In practice, R,, can be obtained
either from ground data or by calculation, 7,3 can be
approximated by the maximum daily air temperature over
a canopy as measured from meteorological stations, and
NDVI and T,;5 can be obtained from satellite sensors.
This approach has been applied widely to ET measure-

ments and has a potential accuracy of 1.5 mm d™' (about
20-30% of actual ET) in semiarid regions (Carlson et al.,
1995). Tt requires an accurate measure of radiometric land
surface temperature (LST) and NDVI by remote sensing
techniques.

1.2. Empirical methods

VI-based methods for estimating ET are modifications of
the crop coefficient method (Jensen & Haise, 1963) for
estimating water demand by irrigated crops. Crop coeffi-
cients (K.) are empirical ratios relating crop ET (ET,) to a
calculated reference-crop ET (ET,) that is based on
atmospheric water demand (Jones, 1983) over a crop cycle
or to actual ET measurements, as in the present study. A K,
curve gives the seasonal distribution of K as a function over
time or a time-related index, such as growing degree-days. In
this form, however, K cannot account for variations in crop
growth from field to field, as affected by soil type, nutrition,
uneven water distribution, or other agronomic factors,

As an alternative, K can be adjusted throughout the crop
cycle to take into account changes in the fraction of
absorbed solar radiation (fAR;) by the plant canopy
(estimated by VIs) as the crop develops. A time-series of
VI measurements is correlated with measured ET, or ET, to
develop a VI-K . curve over the crop cycle. Once calibrated,
these VI-based K curves can provide close estimates of ET,
within 10% of measured values among fields with different
growth characteristics (e.g., Hunsaker et al., 2003).

Choudhury et al. (1994) used a heat balance and radiative
transfer model to study relations among transpiration
coefficients (7)) and Vls. They provided a theoretical basis
for estimating transpiration from nonstressed crops from VI
and 7}, data. From the relationship between ET and LAI and
between LA and VI, they developed an equation in the form:
ET. = ETo|1 — (Wlnax — VI)/(VImax — Vigin)]" (3)
The term |1 —(Vpax— VI VIax— Vigin) " converts VI to a
scaled value (0-1) and is derived from the light extinction
curve through a canopy as estimated by VlIs. The exponent n
depends on the crop and the VI used. The effects of soil
evaporation and crop stresses added scatter and uncertainty
into the ET estimates.

1.3. Previous research

The present research builds on previous studies con-
ducted on the main shrub and tree species [saltcedar (7.
ramosissima), cottonwood (Populus fremontii), and willow
(Salix gooddingii)| along low-elevation western U.S. rivers
such as the Lower Colorado River. Previous to this work,
models of ET were developed based on stem sap flow
measurements (assumed to be equivalent to transpiration)
and were correlated with 7,—7, and micrometeorological
data (Nagler et al., 2003). As expected from Eq. (2), sap
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flow was negatively correlated with 7,—7, for all three
species, although there was considerable scatter in the data.
Transpiring canopies maintained leaf temperatures (7.)
about 2 8C lower than T, at midday, while soil temperature
was as much as 158 higher than 7,. Under nonstressed
conditions, rates of sap flow were similar ( P>0.05) among
species as a function of leaf area (Nagler et al.,, 2003). In a
following research, canopy models were developed relating
V1 measurements to AR, leaf reflectance, LAI and canopy
lcaf angles for each species (Nagler et al., 2004). Due to
differences in canopy characteristics, LAI by itself was not a
good predictor of fAR, across species (Nagler et al., 2001,
2004). However, NDVI was directly proportional to fAR,
across species. NDVI and other VIs were also proportional
to %C even in mixed species associations with plants of
different LAIs (Nagler et al., 2001, 2004). Based on these
results for riparian species, it appeared feasible to attempt to
predict ET across species by either physical or Vi-based
models. The present study also builds on eddy covariance
methods developed to measure the ET of riparian plant
associations along the Middle Rio Grande River (Cleverly et
al., 2002; Dahm et al., 2002).

1.4. Present research

We explored methods that can be used to scale riparian ET
from flux towers to larger river stretches by using Enhanced
Vegetation Index (EVT) and land surface temperature (LST)
data from the Moderate Resolution Imaging Spectrometer
(MODIS) sensor on the EOS-1 Terra satellite. MODIS
provides daily coverage of most of the globe, and products
include radiometrically corrected, reflectance data at 250 m
resolution for red and NIR bands, at 500 m resolution for the
blue band, and at 1-km and 5-km resolutions for the thermal
bands (Huete et al., 2002; Wan et al., 2004).

The ground data set consisted of ET and micrometeoro-
logical data as previously published from four flux towers
on the Middle Rio Grande in New Mexico (Fig. 1) (Cleverly
et al.,, 2002; Dahm et al., 2002). The flux towers
encompassed two vegetation associations: Rio Grande
cottonwood (Populus deltoides ssp. Wislizennii) dominated,
and saltcedar (7. ramosissima) dominated; and two land
types: occasionally flooded or unflooded. Four years of ET
data were gathered at cach site. The specific objectives were
(1) to determine if MODIS VIs and LSTs could be

Fig. 1. Location of eddy covariance towers on the Middle Rio Grande, New Mexico shown against a 250-m MODIS EVI image. The inset map shows the spatial
relations of a micrometeorological tower compared with the MODIS EVI (250 m) and LST (1- and 5-km) scenes. The black square (n ) in the center is the
approximate footprint area measured by the eddy covariance tower (50 m * 50 m) (Cooper et al., 2003); the first box is the approximate area of uniform
vegetation type around the tower (Dahm et al., 2002) and is the size of the MODIS VI pixels; the second and third boxes are areas covered by 1- and 5-km

MODIS LST pixels, respectively.
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combined into an equation similar to Eq. (2) to predict ET;
(2) to develop empirical models relating VIs and micro-
meteorological to ET according to Egq. (3); and (3) to
determine if the relationship between ET and VI is species
dependent. The last condition is important due to the
heterogeneous nature of the riparian zone, as high-resolution
imagery contains mixed riparian associations within a pixel
(Nagler et al., 2001, 2004). The hypothesis, based on
previous rescarch (Nagler et al., 2001, 2003, 2004), was that
a robust rclationship between ET and VI could be
established across sites, years, and species associations.

2. Materials and methods
2.1. Overview of research approach

Correlation and regression analyses were conducted on the
following data sets: ET data from four tower sites over 4
years; NDVI, EVI, and LST data from MODIS; and micro-
meteorological data collected at the tower sites. All data sets
were compiled as 16-day composite values corresponding to
the standard composite VI products produced from MODIS
data by the EROS data center (n=209 observations per site).
A correlation matrix was constructed relating ET as the
dependent variable to VIs and micrometeorological data as
independent variables. The feasibility of predicting ET from
Eq. (2) was tested by the goodness of fit between ET and
T,—T, which was calculated by subtracting 7T, from
MODIS LST data at each tower site. Regression equations
were developed from the variables that were most closely
correlated with ET data. A final multivariate equation
similar to Eq. (3) was subjected to autocorrelation analysis
and cross validation,

2.2. Description of study sites

The location of each site is shown in Fig. 1 which also
illustrates the spatial relationships between the fetch
(measurement area) of the tower and the different pixel
sizes for EVI and LST data. The sites are located along the
Middle Rio Grande river corridor, which stretches for
approximately 320 km, beginning at an altitude of 1673 m
and ending at 1262 m and passing through Albuquerque and
Socorro, New Mexico. The river is perennial in most years.
The climate is classified as arid to the south and semiarid to
the north. The riparian corridor varies from 2—-10 km in
width. It was historically dominated by native cottonwoods
but has been extensively invaded by exotic species,
including Russian olive trees (Eleagnus angustifolia) in
the northern reaches and saltcedar in the southern reaches.
The flooded sites are along the main channel of the river and
receive seasonal overbank flooding every 2-3 years, while
the unflooded sites have not flooded in recent decades. The
river is perennial and flow-regulated, with a mean flow rate
of approximately 50 m® sec™' during summer months

(Dahm et al., 2002). The vegetation is between the river and
adjacent levees and has access to groundwater at all sites.
The flooding and nenflooding saltcedar sites were located in
Bosque del Apache South and Sevilleta National Wildlife
Reserve, respectively (Dahm et al., 2002; Cleverly et al.,
2002). Towers were set in sites with uniform vegetation
stands for 300 m to 500 m on a side. However, based on
lidar measurements of moisture flux patterns, the footprint
of the measurement arca was likely to be about 50 m > 50
m (Cooper et al., 2003). Full descriptions of the vegetation
at each site are in Cleverly et al. (2002), Dahm et al. (2002),
and Coonrod & McDonnell (2001). These are summarized
in Table 1.

2.3. Measurement of ET and micrometeorological variables

ET was measured by the eddy covariance method
(Dahm et al., 2002; Cleverly et al.,, 2002). The eddy
covariance method determines // and £ in Eq. (1) directly
(Rana & Katerji, 2000). Eddies are rapidly ascending and
descending currents of air in the turbulent part of the
boundary layer above a canopy that exchange heat and
water vapor between the land surface and the atmosphere.
The method calculates a covariance between instantaneous
fluctuations in vertical wind speed, air temperature (7},), and
water vapor density, which are measured at high frequency
above the canopy.

ET (mm d ') was measured continuously throughout the
growing season (approximately Julian Days 65-353) by
measuring water vapor flux from each canopy with a 3-D
eddy covariance system (Campbell Scientific, Logan, UT)
and associated sensors at heights of 1.5 (saltcedar) or 2.0 m
(cottonwood) above the canopies (Cleverly et al., 2002;
Dahm et al., 2002). T, and relative humidity (RH) were
monitored using an HMP45C temperature and RIH probe
(Campbell Scientific),

Eddy covariance measurements frequently produce
values for H and AE which do not result in a balanced

Table 1
Location and characteristics of the four tower sites at which evapotranspi-

ration (ET) was measured on the Middle Rio Grande, New Mexico

Sile Longitude Latitude Elevation Vegetation
(8 8 (m)
Saltcedar, —106.9 338 1375 Dense, monospecific

flooded saltcedar, LAI=3.6,
maximum height=10 m
Saltcedar with saltgrass
understory, LAI=2.6,
maximum height=10 m
Cottonwood overstory
with sparse understory,
LAI=2.1, maximum
height=25 m
Cottonwood overstory
with dense understory
LAI=3.3, maximum
height=25 m

Saltcedar, —106.9 343 1427
unflooded

Cottonwood, —106.7 34.6 1465
flooded

Cottonwood, —106.7 35.0 1500
unflooded
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energy budget when R,, and G are also measured (Twine et
al., 2000). However, it is possible to artificially balance the
energy budget (Cleverly et al., 2002; Cooper et al., 2000,
2003; Scott et al., 2000, 2003, 2004; Twine et al., 2000).
In the present research, additional instruments included
HFT-3 Soil Heat Flux Plates (REBS, Seattle, WA) and
TCAV Averaging Soil Thermocouple Probes (Campbell
Scientific) to measure ¢, while vented and calibrated Q7.1
Net Radiometers (REBS) were used to measure R, (W
m2). These values were used to adjust // and AE when R,
exceeded AE+G+H (Cleverly et al., 2002). Closure values
ranged from 0-150 W m~, with a mean closure error of
about 20% over the growing season, similar to results from
eddy towers set in mesquite bosques on the San Pedro
River (Scott et al., 2004). Data were daily values collected
for nearly the entire year (day of year [DOY] 65-353) for
20002002 but ending on Day 209 in 2003.

Reference ET (ET,) was calculated from meteorological
data with the Penman—Monteith equation (Pearcy et al.,
1991). ET, was calculated as daily total ET (mm d™")
from an imaginary grass reference crop (Jones, 1983). The
equation adjusts the equation for evaporation from a free
water surface by including leal and canopy boundary layer
resistance values to simulate crop ET. However, it treats
the physiological conductance (mainly stomatal resistance,
r,) as a constant, whereas r, of plants responds in
complex ways to environmental factors in natural environ-
ments (Jones, 1983; Osmond et al., 1980). Potential
evapotranspiration was also calculated by the Blaney-
Criddle method (ET,,.) (Brower & Heibloem, 1986), for
comparison. This method is based mainly on mean
monthly temperature.

2.4. Collection of MODIS data

MODIS-EOS has a repeat time of 16 days with respect to
view angle, but the sensor acquires as many as 64 views ofa
scene over that period. A 16-day compositing procedure
was developed to provide high quality VI data (Van
Leeuwen et al., 1999). MODIS images from the Terra
satellite were supplied as atmospherically corrected reflec-
tance values by EROS Data Center, South Dakota. Single
pixels containing the coordinates for a tower were extracted
for calculating NDVI and EVI. NDVI (Eq. (4)), and EVI
(Eq. (5)) values were calculated from MODIS 250-m
resolution images for the red and NIR bands (500 m for
the blue band), as described in Huete et al. (2002):

NDVI = (pNIR — pred)/(pNIR + red) (4)

EVI=G(pNIR — pred) [ (pNIR + C\ x pred + Cy x pblue+ L)
()
where C; and C, are coefficients designed to correct for

aerosol scattering and absorption, which uses the blue
band to correct for aerosol influences in the red band. C,

and C, have been set at 6 and 7.5, while G is a gain
factor (set at 2.5) and L 1is a canopy background
adjustment (set at 1.0).

Similar to VI data, MODIS LST data were collected
between 10:30-11:00 a.m. from the Terra satellite in its
ascending mode (Wan et al., 2004). A consistent reproc-
essing system is applied to MODIS data to genecrate
science data products. Only data obtained under clear-sky
conditions are used because the thermal infrared signals
used to calculate surface temperature cannot penetrate
clouds. On average, 89 LSTs were available for each 16-
day period in our study. The daily 1- and 5-km resolution
LST data were tested. The 1-km LSTs are retrieved from
brightness temperatures in MODIS bands 31 and 32, with
a generalized split-window algorithm (Wan & Dozier,
1996). This algorithm depends on knowledge of the land
cover types in each MODIS pixel. The 5-km LSTs are
calculated from an algorithm (Wan & Li, 1997) to retrieve
surface spectral emissivity and temperature from a pair of
daytime and nighttime MODIS data in scven thermal
infrared bands. This algorithm is capable of adjusting the
uncertainties in atmospheric temperature and water vapor
profiles better than the alternative approach used in the 1-
km resolution product, especially in arid and semiarid
regions (Wan et al., 2004). Single pixel values correspond-
ing to each tower site and also values interpolated from the
four pixels adjacent to the tower pixel were used for
correlation with ET. The term 7,—T7, in Eq. (2) was
calculated by subtracting 7, measured over the tower from
single-pixel 1-km MODIS LST data.

2.5. Compilation of data sets and statistical methods

The 16-day mean values of ET, meteorological data,
NDVI, EVI, and LST were calculated from daily values for
each growing season. In most cases, there were fewer than
16 days of useful data in either of the VI, LST, or the ET
data sets. We also calculated total annual ET and mean
annual VIs for each tower site. For the 16-day data sets,
we first conducted a correlation analysis to determine if
there was a significant association between ET and Vls.
We then conducted regression analyses to obtain the best
equations for predicting ET from independent variables
(Vls, LSTs, and meteorological data). Correlation and
regression analyses were calculated with Systat and
SigmaPlot softwares, using methods in Sokal and Rohlf
(1995). Autocorrelation of the error term in the final ET
model was tested by plotting residuals against time and
calculating the Durban—Watson statistic and the autocorre-
lation coefficient (Meek et al., 1999). Cross validation was
performed by predicting the 2002-2003 data sets from the
20002001 data sets and by predicting the cottonwood
data sets from the saltcedar data sets. The Standard Error
of Estimate (SEE) for the full data set and the Standard
Error of Prediction (SEP) and Bias values for cach cross
validation analyses were calculated from the actual and
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Fig. 2. Temporal distribution for the years 2000-2003 of ET, EV1, and NDVI measurcments at the flooded and unflooded saltcedar and cottonwood sites on the
Middle Rio Grande. Values are 16-day averages, although missing data caused these values to be averages of fewer than 16 days. Day 1 starts on Januvary 1,

2000. ET (. ); EVI (5); NDVI (n).

predicted values according to formulas in Meek et al.
(1999) and Montgomery and Peck (1982):
X 1/2

SEE= (n—1)"  e(t) (6)
=l

=] 2 i 2 1/2

SEP= (n—1) Vimeasured — Vpredicted — Bias (1)

t=1

7

- (7)

Bias = Ymeasured — Vpredicted /n (8)

=1

For SEE, n is number observations (240, with 3 removed
as outliers); ¢ is the observation number; and e(?) is the

Table 2

residual term (measured-predicted) at each observation. For
SEP, Vmeasurea 1S the measured ET value tfrom data set 2,
while yredicted is calculated ET from the regression of data
set 1; Bias is the mean deviation of these values from zero
over the data set.

3. Results

3.1. ET, NDVI, and EVI values over 4 years

Time plots of ET and VIs at 16-day intervals over the
study are in Fig. 2. ET and VIs had regular annual cycles,

Correlation coefficients (#) for ET and NDVI and for ET and EV1 at the four tower sites on the Middle Rio Grande, New Mexico, for the years 2000-2003 and

the total for all years

Year CWF CWF CWUF CWUF SCF SCF SCUF SCUF All All
NDVI EVI NDVI EVI NDVI EVI NDVI EVI NDVI EVI

2000 0.82 0.89 0.84 0.84 0.87 0.88 0.61 0.68

2001 0.74 0.71 0.83 0.83 0.73 0.89 0.76 0.93

2002 0.75 0.86 0.84 0.85 0.74 0.93 0.49 0.95 = =

2003 0.89 0.93 0.90 0.90 0.81 0.72 0.93 0.96 = =

All 0.78 0.86 0.81 0.83 0.67 0.83 0.54 0.86 0.68 0.76

All values except the one in bold were significant at P<0.05. CW—cottonwood, SC—saltcedar, F—flooded and UF—unflooded sites.
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Tablc 3

23

Means, standard errors (5.E.M.), and corrclation matrix between ET, canopy air temperature (73,), net radiation (R ), vapor pressure deficit (VPD), reference ET

(E,), and radiant surface temperature minus canopy air temperature (7.—T,)

Mean (S.E.M.) SCET CW ET All ET Temperature Ry E, VPD To—Ta
SCET 3. 96 mm/d (0.23) 1.00 0.84 0.82 0.84 0.36 0.61 0.52 0.19ns
CW ET 4.87 mm/d (0.28) 1.00 0.83 0.84 0.55 0.73 0.72 0.36
All ET 4.31 mm/d (0.18) 1.00 0.82 0.49 0.68 0.63 0.27
T, 27.9 BC (0.5) 1.00 0.66 0.83 0.84 0.32
R, 406 W/m® (4.4) 1.00 0.91 0.78 0.35
E, 6.27 mm/d (0.12) 1.00 0.83 0.11ns
VFD 2.14 KPa (0.05) 1.00 —0.22n8
T,—T, 6.9 8C (0.3) 1.00

Corrclation cocfficients with ns beside them were not significant ( P>0.05); all others were significant at P<0.05. CW-—cottonwood, SC—saltcedar.

with peak values occurring between Days 130 and 290 each
year. There was a close correspondence between ET and VI
patterns. A two-way ANOVA showed that ET differed by
sites (F=11.5, P<0.001) but not years (F=0.8, P>0.05).
The unflooded saltcedar site had significantly lower ET
(P<0.001) than the other three sites. NDVI and EVI
ANOVA results followed the same pattern as ET.

3.2. Correlation matrix of ET, VIs, and meteorological
variables

ET was significantly correlated with both NDVI and
EVI for each site and year, but the correlation coefficients
were generally higher for EVI than for NDVI (Table 2).
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Most of the correlation coefficients were moderate to
strong (0.7-0.9) and remained high even when data were
pooled across sites, species, and years. A correlation
matrix showing mean values of ET and meteorological
variables is in Table 3. For both saltcedar and cottonwood,
T, was strongly correlated with ET (r=0.82). Pooled ET
data had a nearly equivalent r value ( P>0.05) with respect
to T, as data separated by species, showing that the
response to temperature was the same as for individual
species. On the other hand, the » values for ET on the
other meteorological data were low to moderate. Actual ET
of saltcedar and cottonwood had a latter onset than
predicted by ET, or radiation but closely followed the
seasonal temperature curve (Fig. 3).
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Fig. 3. Seasonal curves for ET and meteorological variable over 4 years, at four eddy covariance tower sites on the Middle Rio Grande. The right y axis of each
graph is ET (mm d_')_ Curves were fit using quadratic equations. ET, was calculated by the Penman—Monteith formula.
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Fig. 4. Daily tcmpcrature valucs from tower measurcments of air temper-
ature (T,) measured 1-2 m above the canopy, MODIS land surface
temperatures (LSTs) at 1 km, and at 5 km at the unflooded saltcedar site
along the Middle Rio Grande for the year 2001. Data are for cloud-free days
only. Lines show quadratic equations of best fit.

3.3. Predicting ET by Eq. (2)

Fig. 1 (insert) shows that the MODIS VI pixels at 250 m
are within the range of uniform vegetation cover around
each tower site (300-500 m; Dahm et al., 2002). However,
the figure shows a mismatch between the pixel sizes of the
LST products and the likely footprint of the eddy covariance
estimates. The 1-km LST encompasses an area 4-10 times
larger than the uniform vegetation cover around the tower,
while the 5-km LST encompasses an area more than 100
times larger than the vegetation stand, and it contains nearly
as much upland as riparian habitat. Temporal plots of 7, and
LSTs show that LSTs exceeded T, especially during summer
(Fig. 4). It is likely that the pixels included bare soil from
the surrounding landscape that had high LSTs. For this
reason, the correlation between ET and T,—T, was low
(Table 3) and in the opposite direction that was expected
from Eq. (2).

3.4. Multivariate regression equations for predicting ET

ET was regressed against EVI plus the micrometeoro-
logical variables added in a single step. EVI and canopy T,
were significant ( 2<0.05) factors in estimating ET whereas
R, and VPD each made only a nonsignificant ( P>0.05),
negative contribution to the equation of best fit. Standard
regression coefficients, which give the fraction of variance
in the dependent variable that is explained by each
independent variable, were 0.68 and 0.41 for EVI and T,,
respectively, but only —0.04 and —0.08 for R, and VPD.
This analysis justified the use of EVI and temperature in
predicting ET.

Using the EVI term in the form in Eq. (3), a single
variable for predicting ET, one that combined EVI and
temperature, was developed based on the previous analysis

of the factors correlated with ET. EVI was scaled (EVI*) as
in Eq. (3) so that the minimum value was 0 and the
maximum value was 1. Scatter plots of ET as a function of
EVI* and T, are shown (Fig. 5). An exponential equation in
the form of the light extinction curve through a canopy
(Monteith & Unsworth, 1990), was fit to ET vs. EVI*. ET
was linearly related to T, for temperatures above 15 8C, but
ET was close to 0 for temperatures below 15 8C. The
exponential equation of best fit for ET as a function of EVI*
(Fig. 5a) times the temperature variable (7,—15 8C) was the
independent variable for predicting ET, where 15 8C was the
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Fig. 5. Regression of ET as a function of EVI (top) and maximum daily

tower air temperature (7,) measured 1-2 m above the canopy (bottom).
Values are 16-day means over four sites and 4 years, 2000-2003.
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threshold temperature for growth (Dahm et al., 2002). The
following was the equation of best fit;

ET mmd' =0471(1 —

xpl~

S Ty oy T B i
(9)

The #>=0.82 and SEE=1.1 mm d .

When EVI approached the minimum value of 0.09, the
minimum ET was 0.77, consistent with measured ET rates in
Similarly, when temperature
approached 15 8C, ET approached its minimum value.

Using Eq. (9), we calculated ET values for each tower
site over the study, and plotted measured vs. predicted
values (Fig. 6). The annual curves showed good corre-
spondence between measured and predicted values, partic-
ularly with respect to peak height for each year and tower
site. Eq. (9) successfully replicated trends in ET over sites

the dormant seasons.

and years (Fig. 7).

3.5. Autocorrelation and cross validation

Least-squares analyses, used in this study, assume that
the errors of estimate are independent in time. However,
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time series data often violate this assumption and exhibit
autocorrelation (Meek et al., 1999). Autocorrelation exag-
gerates the accuracy of the analysis. The residuals of
predicted vs. measured ET in Eq. (9) were plotted as a
function of the observation number (not shown). The
Durban—Watson statistic ¢ and the autocorrelation coeffi-
cient for the residuals were calculated. The & value for this
data set was 1.2. A value of 2.0 indicates no autocorrelation,
while a value <1.0 requires adjustment of the model (Meck
ct al., 1999). The residuals plot showed that observations
made during the cool months (March, April, September, and
October) had lower residuals than observations made in the
warm months (June-August), as expected, producing a
moderate amount of autocorrelation (r=0.44) among resid-
uals. Thus, the SEE will be higher in summer (the time of
main interest) than in winter.

The robustness of the model was further tested through
cross validation, in which the data are split into sets, with
one set used to derive the regression equation then a
second sct to test its validity (Montgomery & Peck, 1982).
The 2002-2003 ET was predicted based on 2000-2001
data sets, and the cottonwood ET values were predicted
from the saltcedar data. To recompute the regression
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Fig. 6. Measured (. ) vs. predicted (o ) ET values for ET along the Middle Rio Grande. ET was predicted from MODIS EVI and canopy air temperatures

using Eq. (9).
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Fig. 7. Plots of mecasured vs. predicted ET on the Middle Rio Grande by tower site and ycar.

equations, we used EVI as a function of ET for 2000—
2001, and then we used that quadratic equation and
temperature data to predict 2002-2003 ET data. The
saltcedar data was then plotted as a function of EVI, from
which the quadratic equation and temperature calculations
were used to predict cottonwood ET. Actual vs. predicted
values fell close to the 1:1 line for both cross validation
analyses, as expected from the high % in Eq. (9). SEPs
were 1.1-1.2 mm d~' for the split data sets, similar to the
SEE for the complete data set, and Bias values were low,
—0.05 and —0.11 mm d~' (<5% of mean values) for the
split data sets.

3.6. Surrogates for canopy air temperatire

T, measured within the riparian corridor will not always
be available for a river stretch, so air temperature from
Socorro, New Mexico was tested (located between the tower
sites along the river), and MODIS LSTs as a surrogate
source for temperature data were tested (Table 4). We also
tested ET, 4, which is a simplified method for estimating
potential evapotranspiration from mean monthly air temper-
ature and hours of daylight (Brower & Heibloem, 1986).

Correlation coefficients (» values) were high between ET
and Socorro temperature data and ET and ET, .. MODIS
LSTs interpolated over four pixels gave closer fits than

Table 4

Mean wvalues, coefficients of varation and correlation coefficients of
tower ET, Blaney-Criddle potential ET (ET,4,.), canopy air temperature
(T.) and MODIS LSTs (T,) at four tower sites on the Middle Rio Grande,
2000-2003

Mecan CV (%) Corrclation
coefficient (r)

ET (mmd ") 431 60.5 -

ET, 4. (mmd™") 47 52.0 0.82
T, (8C) 279 23.4 0.82
Socorro Air Temp (3C) 274 238 0.79
5 km LST (single pixel) 34.1 324 0.70
5 km LST (interpolated) 34.0 332 0.74
1 km LST (single pixel) 320 32.2 0.71
1 km LST (interpolated) 323 33.0 0.72
DOY 0.84

Correlation cocfficients (r) arc between ET and temperature data, MODIS
LSTs included both 5- and 1-km data determined for both single pixels
corresponding to each tower site and for interpolated values from the four
pixels adjacent to each tower site. DOY is the Julian Day, which is related
to ET by the equation, y=0.174 DOY—0.0004 DOY>—11.5.
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single-pixel LST data, and the 5-km product produced a
better fit than the 1-km product.

MODIS 5-km LSTs were substituted for 7, to predict ET
as in Eq. (9). The MODIS 5-km LST equivalent to a 7, of 15
8C was 20.3 8C. The final equation of best fit for predicting
ET from EVI and MODIS 5-km LSTs was;

ET mmd™" =0355(1 — expl 228/
x (MODIS LST —20.3) 4 0.70 (10)

The #*=0.80 (P<0.001) and SEE=1.18 mm d~ .

T, did not differ significantly ( P>0.05) by site or year,
but it was closely related to day of year (DOY or Julian Day)
by a quadratic regression equation. Hence, for this data set,
it could be regarded as a constant related to DOY, and it
could substitute for temperature in the regression equations
(Table 4). ET was predicted by DOY and EVI by the
following multiple regression equation:

ET = 0.17 DOY — 0.0004 DOY? — 11.5
x (1 — expl228EM%)) 4 0,66 (11)

The #*=0.82 and SEE=1.1 mm d~".

4. Discussion
4.1. Accuracy of eddy covariance data

Flux measurements made over tall, irregular canopies,
like these, require careful calibration to produce reliable data
(Rana & Katerji, 2000; Scott et al., 2004). Eddy covariance
results at the saltcedar sites reported in this study have been
validated in several studies. Cooper et al. (2003 ), working at
the Bosque del Apache site, compared ET estimated by an
eddy covariance tower set over a saltcedar stand with a
lidar-based spatial analysis of the moisture field over the
same stand. Over a three day measurement period, lidar-
derived estimates for ET were within 15% of eddy
covariance estimates. Prueger et al. (2001), working at the
same site, reported an r=0.8 between sensible heat flux
measured by eddy covariance and 7,—T,. The root-mean-
square-crror between eddy covariance and radiometric
measurements was 65 W m ™2, about 15% of R,,. This value
is within the range observed in other eddy covariance
calibration studies (Kustas & Norman, 2000). Prueger et al.
(2001) measured the turbulence spectra above a saltcedar
canopy at Bosque del Apache with a Raman Lidar deployed
near an eddy covariance tower. The humid layer immedi-
ately above the canopy, where flux measurements must be
made, was temporally and spatially dynamic, but generally
extended to =2 m above the canopy. Hence, heights of 1.5 m
above the canopy in the present study were appropriate for
saltcedar. Unfortunately, similar calibration studies have not
been performed for cottonwood canopies. However,

Schaeffer et al. (2000), working on the San Pedro River in
Arizona, reported similar midsummer rates of ET for
cottonwood measured by sap-flow methods, as were
recorded in this study.

Another way to assess the validity of the eddy covariance
estimates is to calculate the energy closure values. Energy
closure ratios for eddy covariance measurements typically
range from 0.7—0.9 (Twine et al., 2000), similar to those for
these towers (Cleverly et al., 2002; Dahm et al., 2002) and
eddy covariance towers on other western U.S. river systems
(e.g., Scott et al., 2004). Errors are due to unfavorable wind
directions, low wind speeds, and differences in source area
sampled by different measurement systems. These were
minimized, to the extent possible, in the original selection of
sites, installation of equipment, and analyses of data
(Cleverly et al., 2002; Dahm et al., 2002). Another source
of error is energy stored in the canopy (Jones, 1983). Scott
et al. (2004) estimated that 7% of the energy budget in a
mesquite canopy represented canopy storage over 30-min
measurement periods during the day, but 24-h average
values of ET, as used here, did not need to be corrected for
energy storage. Based on site-specific information and
information from studies in similar conditions elsewhere,
error or uncertainty of about 15-20% can be expected for
the eddy covariance measurements reported in this study.

4.2. MODIS LSTy to caleulate T,—T,

Cooper et al. (2003), Kustas et al. (2002), and Prueger et
al. (2001, 2004) tested the feasibility of using energy
balance methods or direct measurement of moisture fluxes
to estimate ET over this riparian corridor. These methods
were successful as ground-based measurements. However,
short time-averaged radiometric surface temperatures (7,),
as measured by satellite (essentially instantaneous measure-
ments), are subject to error in estimating ET or heat flux,
due to continual fluctuations in R, and H over the canopy
during the day (Kustas et al., 2002). The most serious
problem with using MODIS data in western U.S. riparian
corridors is the low resolution of the LST pixels compared
to the width of the riparian corridor. Even a small proportion
of bare soil can greatly increase the land surface temperature
of a mixed scene (Nagler et al., 2003). Correlation
coefficients between T,,—7, and ET were low and in the
opposite direction expected for a transpiring canopy. The
effect of riparian canopy transpiration on surface temper-
ature was undoubtedly confounded by the large pixel size of
the MODIS LSTs and the presence of nontranspiring
surfaces within each scene. Similar to this study, Coonrod
& McDonnell (2001) demonstrated that AVHRR did not
provide accurate LSTs over this riparian corridor.

4.3. VI-based model for predicting ET

The strong relationship between EV1 and ET in this study
is similar to the findings of Choudhury et al. (1994), who
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showed that the relationship between VIs and ET. for a
nonstressed crop should be an exponential equation as in
Eq. (3), multiplied by ET,, which provides an estimate of
atmospheric water demand. In this study, measured values
of ET were correlated with EVI rather than ET,,. The actual
ET was more closely correlated with 7, than ET, as
calculated by the Penman—Monteith equation. Hence, this
empirical equation for ET, uses T, as the meteorological
variable rather than ET,.

The equation of best fit (Eq. (9)) combined EVI and T,
data into a single expression that could predict ET measured
by eddy covariance with a SEE=1.1 mm d~"' or about 25%
of the mean annual ET. This level of accuracy is similar to
energy balance methods (e.g., Carlson et al., 1995; Nishida
et al., 2003a,b). The method successfully replicated differ-
ences among years and tower sites; hence, it can potentially
be used to scale ET to larger river stretches based on
MODIS EVI maps of the river. Further rescarch on other
river systems is needed to determine if the VI-temperature
relationship holds in general for western riparian corridors,
or if a more general expression incorporating both 7, and
ET, can be derived based on a better understanding of the
ecophysiology of these species.

4.4. Ecophysiological justification of the model

ET is the sum of soil moisture evaporation and
transpiration from plant leaves. In western riparian corri-
dors, rainfall is scant, and the surface soil is usually dry, so
transpiration dominates ET. This simplifies the problem of
estimating ET by remote sensing, as Choudhury et al.
(1994) demonstrated that 7, could be directly related to Vs,
but soil evaporation was more difficult to estimate. A further
simplification is that the riparian overstory plants are
phreatophytes, obtaining water from the alluvial aquifer
(Smith et al., 1998). Thus, they have a relatively constant
rate of transpiration related to depth to groundwater and
salinity (Sala et al., 1996; Smith et al., 1998) but
independent of surface supplies (Devitt et al., 1997).

Transpiration is a function of radiation absorbed by the
leaves, atmospheric water demand, and resistance terms,
which include stomatal resistance (r;) at the leaf surface in
series with canopy-boundary layer resistance (r;) (Jones,
1983; Monteith & Unsworth, 1990). In rough densely
vegetated forest canopies such as these, r, is very low (e.g.,
Kustas et al., 2002), and ET is largely determined by r; and
atmospheric water demand rather than canopy character-
istics (Jones, 1983). In an outdoor study, under well-
watered, fully-transpiring conditions for cottonwood and
saltcedar plants, similar values for r, and ET per unit leaf
area were found (Nagler et al., 2003). Similar results were
reported for willow, mesquite, arrowweed (Pluchea seri-
cea), and saltcedar plants growing along the Virgin River,
Nevada (Sala et al., 1996). In that study, ET measured by
sap flow was nearly constant among species as a function of
leaf area, but ET per m* of ground arca differed among

species according to differences in their LAls. Therefore, it
is reasonable that, under nonstress conditions, ET of
cottonwood and saltcedar canopies is most simply related
to light absorption by the canopies as measured by VIs. In
support, Coonrod & McDonnell (2001) and Dahm et al.
(2002) found that the best predictor of ET among these
tower sites was LAI, and the relationship appeared to hold
across species.

Under stress conditions, the results are expected to be
different. Nagler et al. (2003) found that rg increased
rapidly over three days in cottonwood leaves subjected to
water or salt stress, whereas no change was noted in
saltcedar leaves under similar conditions. Numerous other
studies have also reported greater stress tolerance for
saltcedar compared to cottonwood and other mesic riparian
species (reviewed in Smith et al., 1998). Therefore, under
stress cottonwood and willow canopies should diverge
from saltcedar canopies in ET. Over time, however, plants
under stress adjust their leaf density to optimize their
resource utilization (Field, 1991; Albrizo & Steduto,
2003). For example, Sala et al. (1996) compared to two
stands of saltcedar. The first, growing on saline ground-
water, had an LAI of 1.0, while the second, rooted into
nonsaline groundwater, had an LAI of 2.6. However, ET
rates per unit leaf area were only 20% different between
plant stands and were actually higher in the stressed than
the unstressed plants. Therefore, VIs measured frequently
over a growth cycle can be a good indicator of the
physiological status of the plant over its growing season,
which will be related to r; and ET. Field (1991) showed
that over a wide range of natural biomes, NDVI was well
correlated with both net primary productivity (NPP) and
ET over time. MODIS with daily coverage has the ability
to provide near-real time remote sensing coverage of
biomass intensity (Iluete et al., 2002; Nishida et al.,
2003a,b).

ET, calculated by the Blaney-Criddle method, which is
based on T,, was a better predictor of ET, than ET, by the
Penman-Monteith equation. The Penman-Monteith equa-
tion relates potential evaporation from a free water surface
to canopy ET by assuming values for rg and r, that may
not be appropriate for forest canopies (e.g., Jones, 1983).
In this study, ET lagged behind ET,, in the first half of the
season, while they were similar during the second half. In
this study and in a previous study (Nagler et al., 2003), ET
rates of cottonwood and saltcedar were positively corre-
lated to T, up to 36 BC. Provided they have an ample
supply of water, plants adapted to hot climates may show a
decrease in ry, and therefore increased transpiration, in
response to temperature, as a physiological response to
increase carbon gain for photosynthesis (Jones, 1983;
Osmond et al., 1980). Furthermore, forest canopies, with
low values for r,, are more affected by changes in VPD
and therefore air temperature than to the radiation term in
the Penman-Monteith equation (Monteith & Unsworth,
1990; Jones, 1983).
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4.5. Comparison of EVI and NDVI

ET was more closely correlated with EVI than NDVT in
this study. Similar to this study, Choudhury et al. (1994)
found that the Soil Adjusted Vegetation Index (SAVI) was
more closely correlated with wheat ET than was NDVIL.
Previous studies have shown that NDVI saturates asymp-
totically in high biomass regions, whereas EVI and SAVI
remain sensitive to canopy variations, and they are also less
influenced by soil reflectance effects (Huete ct al., 2002).
However, it should also be noted that EVI incorporates
information from the blue, red, and NIR bands, whereas
NDVT includes only the red and NIR. Plants under water
stress may show altered ratios of chlorophyll a and b
(Embry & Nothnagel, 1994), which differ in their reflec-
tance spectra especially in the blue range. Hence, EVI is
likely more sensitive than NDVI due to changes in the plant
pigments over a growing seasor.

4.6. Conclusions

Saltcedar—cottonwood communities along the Middle
Rio Grande had season-average ET rates in the respective
ranges of 4-5 mm d~" and 0.63-0.78 for K_, relative to ET,,.
These estimates (ET=4 mm d~! and 0.63 K ) are lower than
some previous estimates of saltcedar ET; for example, Sala
et al. (1996) reported short-term rates as high as 1.6-2.0 ET,
on the Virgin River in Nevada. However, the results are
consistent with the study of Nagler et al. (2004), which
reported low to moderate values of LAl and fAPAR for
saltcedar and higher values for cottonwood, along the
Lower Colorado River. Although MODIS LSTs do not
provide the needed resolution to measure surface temper-
ature in narrow riparian corridors, the VIs appear to have
sufficient resolution and can be used as scaling tools for ET
prediction when eddy covariance or other ground-based ET
data are available. Once a more general relationship is
developed between seasonal ET rates and meteorological
variables along arid-zone river systems, it may be possible
to scale unstressed ET rates over these river systems with
remote sensing data alone.

Acknowledgements

This research was supported by the National Aeronautics
and Space Administration (Earth Science Enterprise, Carbon
Cycle Science, Applications Program, Grant #00-OES-08,
NAG13-2001).

References

Albrizo, R., & Steduto, P. (2003). Photosynthesis, respiration and
conservative carbon use efficiency of four field grown crops.
Agricultural and Forest Meteorology, 116, 19-36.

Brower, C., & Hciblocm, M. (1986). Irrigation water management:
Irrigation watcr nceds. Training Manual 3. Rome: FAO.

Carlson, T., Capechart, W., & Gillics, R. (1995). A new look at the
simplified method for remote-sensing of daily evapotranspiration.
Remote Sensing of Environment, 54, 161-167.

Choudhury, B., Ahmed, N_, Idso, S., Reginato, R., & Daughtry, C_ (1994).
Relations between evaporation coefficients and vegetation indices
studied by model simulations. Remote Sensing of Environment, 50,
1-17.

Cleverly, J., Dahm, C., Thibauli, J., Gilroy, D., & Coonrod, J. (2002).
Seasonal estimates of actual evapo-transpiration from Tamarix ramo-
sissima stands using three-dimensional eddy covariance. Journal of
Arid Environments, 52, 181 197.

Coonrod, J., & McDonnell, D. (2001). Using remote sensing and GIS to
compute cvapotranspiration in the Rio Grande bosque. 2001 ESRI User
Conference Proceedings. San Diego, CA: ESRI.

Congalton, R., Balogh, M., Bell, C., Green, K., Milliken, J., & Ottman, R.
(1998). Mapping and monitoring agricultural crops and other land cover
in the Lower Colorado River Basin. Photogrammetric Engineering and
Remote Sensing, 64, 11071113,

Coaoper, D., Eichinger, W., Archuleta, 1., Hipps, L., Kao, J., Leclerc, M., et
al. (2003). Spatial source-area analysis of three-dimensional moisture
fields from lidar, eddy covariance and a footprint model. Agricultural
and Forest Meteorology, 114, 213 234,

Cooper, D., Eichinger, W., Kao, J., Hipps, L., Reisner, J., Smith, 8., et al.
(2000). Spatial and ternporal properties of waler vapor and latent energy
flux over a riparian canopy. Agricultural and Forest Meteorology, 105,
161 -183.

Dahm, C., Cleverly, J., Coonrod, J., Thibault, J., McDonnell, D., & Gilroy,
D. (2002). Evapotranspiration at the land/water interface in a semi-arid
drainage basin. Freshwater Biology, 47, 831843,

DeMeo, G. A., Laczniak, R. J., Boyd, R. A., Smith, J. L., & Nylund, W. E.
(2003). Estimated ground-water discharge by evapotranspiration from
Death Valley, California, 1997-2001. U.S. Geological Survey, Water-
Resources Investigations Report 03-4254.

Devitt, D., Sala, A., Mace, K., & Smith, S. (1997). The effect of applied
water on the water use of saltcedar in a desert riparian environment.
Journal of Hydrology, 192, 233 246.

Embry, J., & Nothnagel, E. (1994). Photosynthetic light-harvesting
during leafl senescence in Panicum miliaceum. Plant Science, 95,
141-152.

Field, C. (1991). Ecological scaling of carbon gain to stress and
resource availability. In H. Mooney, W. Winner, & . Pell (Eds.),
Response of plants to multiple stresses (pp. 35-66). London:
Academic Press.

Gillies, R., Carlson, T., & Cui, J. (1997). A verification of the driangleT
method for obtaining surface soil water content and energy fluxes from
remote measurements of the Normalized Difference Vegetation Index
(NDVT) and surface radiant temperature. International Journal of
Remote Sensing, 18, 3145-3166.

Goodrich, D. C,, Scott, R., Qi, I., Goff, B., Unkrich, C., Moran, S., et al.
(2000). Seasonal estimates of riparian evapolranspiration using remole
and in situ measurcments. Agricultural and Forest Meteorology,
105(1-3), 281-309.

Hartmann, H., Balcs, R., & Sorooshian, S. (2002). Weather, climatc and
hydrologic forecasting for the US Southwest: A survey. Climate
Research, 21, 239-258.

Huete, A., Didan, K., Miura, T., Rodreguez, E., Gao, X., & Ferreira, L.
(2002). Overview of the radiometric and biophysical performance of
the MODIS vegetation indices. Remote Sensing of Environment, 83,
195-213.

Hunsaker, D., Pinter, P., Barnes, E., & Kimball, B. (2003). Estimating
colton evapotranspiration crop coefficients with a multispectral vege-
tation index. Irrigation Science, 22, 95 104,

Jensen, M., & Haise, H. (1963). Estimating evapotranspiration from solar
radiation. Proceedings of the American Society of Civil Engineering,
Irrigation and Drainage Divison, 89(IR4), 15-41.







30 PL. Nagler et al. / Remote Sensing of Environment 94 (2005) 17-30

Jones, H. (1983). Plants and microclimate: A quantitative approach to
environmental plant physiology. Cambridge: Cambridge University
Press.

Kustas, W., & Norman, J. (2000). Evaluating the effects of sub-pixel
heterogeneity on pixel average fluxes. Remote Sensing of Environment,
74, 327-342.

Kustas, W., Prueger, 1., & Hipps, L. (2002). Impact of time averaged inputs
for estimating sensible heat flux of riparian vegetation using radiometric
surface temperature. Journal of Applied Meteorology, 41, 319-332.

Meek, D., Prueger, J. H., Sauer, T. ., Kustas, W. I, Hipps, L. E., &
Hatfield, I. L. (1999). A note on recognizing autocorrelation and using
autoregression. Agricultural and Forest Meteorology, 96, 1 16.

Monteith, J. L., & Unsworth, M. (1990). Principles of environmental
Physies (2nd ed.). London: Edward Amold.

Montgomery, D., & Peck, E. (1982). Introduction to linear regression
analysis. New York: Wiley.

Moran, M., Clarke, T., Inoue, U., & Vidal, A. (1994). Estimating crop water
deficit using the relation between surface-air temperature and spectral
vegetation index. Remote Sensing of Environment, 49, 246—263.

Nagler, P., Glenn, E., & Huete, A. (2001). Assessment of vegetation indices
for riparian vegetation in the Colorado River delta, Mexico. Journal of
Arid Environmenis, 49, 91 -110.

Nagler, ., Glenn, E., & Thompson, T. (2003). Comparison of transpiration
rales among saltcedar, cottonwood and willow trees by sap flow and
canopy temperature methods. Agricultural and Forest Meteorology, 116,
103 112,

Nagler, P., Glenn, E., Thompson, T., & Hucte, A. (2004). Leaf arca index
and Normalized Differcnee Vegetation Index as predictors of canopy
charactcristics and light interception by riparian specics on the Lower
Colorado River. Agricultural and Forest Meteorology, 125, 1-17.

Nishida, K., Nemani, R., Glassy, J., & Running, S. (2003a). Development
of an evapotranspiration index from aqua/MODIS for monitoring
surface moisture status. JEEE Transactions on Geoscience and Remote
Sensing, 41, 493-501.

Nishida, K., Nemani, R., Running, S., & Glassy, J. (2003b). An operational
remote sensing algorithm of land surface evaporation. Jowrnal of
Geophysical Research, D: Atmospheres, 108 (Art. 4270).

Osmond, C., Bjorkman, O., & Anderson, D. (1980). Physiological
processes in plant ecology: Toward a synthesis with atriplex. Berlin:
Springer-Verlag.

Pcarcy, R., Schulze, E., & Zimmcrman, R. (1991). Mcasurc-
ment  of transpiration and lecaf conductance. In R. Pearcy,
J. Ehleringer, H. Mooney, & P. Rundel (Eds.), Plant physiological
ecology (pp. 137-160). London: Chapman and Hall.

Prueger, J., Eichinger, W., Hipps, L., Cleverly, J., Hatfield, J., Bawazir, S,
et al. (2004). Characteristic turbulence spectra above and below a
tamarisk canopy. Proceedings of the 25th Annual Conference on
Agricultural and Forest Meteorology (http://ams.confex.com/ams/
AFMATPUE/25 AgForest/abstracts /37836 _htm).

Prueger, 1., Hipps, L., Kustas, W, Neale, C., Hatfield, J., Bawazir, S_, et al.

(2001). Feasibility of evapotranspiration monitoring of riparian

vegetation with remote sensing. Remote Sensing and Hydrology 2000,
vol. 267. (pp. 246-251) IAIIS Publication.

Rana, G., & Katerji, N. (2000). Measurement and estimation of actual
evapotranspiration in the field under Mediterranean climate: A review.
Furopean Journal of Agronomy, 13, 125-153.

Sala, A., Smith, 5., & Devitt, D. (1996). Water use by Tamarix ramosissima
and associated phreatophytes in a Mojave Desert Floodplain. Ecolog-
ical Applications, 6, 8 -898.

Schaeffer, 5., Williams, D., & Goodrich, D. (2000). Transpiration of
cottonwood/willow forest estimated from sap flux. Agricultural and
Forest Meteorology, 105, 257-270.

Scott, R., Edwards, E., Suttleworth, W., Huxmn, T., Waits, C., & Goodrich,
D. (2004). Interannual and seasonal variation in fluxes of water and
carbon dioxide from a riparian woodland ccosystem. Agricultural and
Forest Meteorology, 122, 6584,

Scott, R., Watts, C., Payan, J., Edwards, E., Goodrich, D., Williams, D.,
et al. (2003). The understory and overstory partitioning of energy and
water fluxes in an open canopy, semiarid woodland. Agricultural and
Forest Meteorology, 114, 127—139.

Scott, R., Shuttleworth, W., Goodrich, D., & Maddock, T. (2000). The water
use of two dominant vegetation communities in a semiarid riparian
ecosystem. Agricultural and Forest Meteorology, 105, 241 -256.

Smith, S., Devitt, D., Sala, A., Cleverly, J., & Busch, D. (1998). Waler
relations of riparian plants from warm desert regions. Wetlands, 18,
687 696.

Sokal, R., & Rohlf, 1. (1995). Biometry. New York: W.H. Freeman and
Company.

Twine, T., Kustas, W., Norman, J., Cook, D., Houscr, P., Mcycrs, T., ct al.
(2000). Correcting cddy-covariance flux underestimates over a pgrass-
land. Agricultural and Forest Meteorology, 103, 279300,

U.S. Dept. of Interior (2000). Lower Colorado River accounting sysiem
demonstration of technology calendar year 1998. Boulder City, NV:
LS. Dept. of Interior, Bureau of Reclamation.

Van Leenwen, W., Huete, A., & Laing, T. (1999). MODIS vegetation index
compositing approach: A prototype with AVHRR data. Remote Sensing
of Environment, 69, 264 -280.

Wan, Z., & Dozier, J. (1996). A generalized split-window algorithm for
retrieving land-surface temperature from space. IEEE Transactions on
Geoscience and Remote Sensing, 34, 892 905.

Wan, Z., & Li, Z. -L. (1997). A physics-based algorithm for retrieving land-
surface cmmisivity and temperature from EOQS/MODIS data. [EEE
Transactions on Geoscience and Remote Sensing, 35, 980996,

Wan, Z., Zhang, Y., Zhang, Q., & Li, 7. -L. (2004). Quality assessment and
validation of the MODIS global land surface temperature. fnternational
Journal of Remote Sensing, 23, 261 -274.

Zamora, F., Nagler, P, Briggs, M., Radtke, D., Rodriquez, H., Garcia, 1.,
et al. (2001). Regeneration of native trees in response to flood releases
from the United States into the delta of the Colorado River, Mexico.
Journal of Arid Environments, 49, 49 64,










RE: LCNCA channel cross sections, 1993 and 2006, with water noted

		From

		Gita Bodner

		To

		Julia Fonseca

		Cc

		Leidy, Robert

		Recipients

		Julia.Fonseca@pima.gov; Leidy.Robert@epa.gov



Looks like only 2 of them had water in 2006 (EG1 and CC7). Both have notes with rough water depth measurements. 

The "corrected channel elevation" column is the vertical distance from terrace to channel bottom. You can estimate depth of water by taking the "edge of water" elevation marks and subtracting the depth of the channel bottom, though this is less reliable than the actual measurements.  



Also, if it's water depth itself that you are interested in, rather than channel cross section, Jeff Simms from BLM has taken a lot of stream depth measurements as part of his extensive aquatic habitat surveys in 1990 and 2000. These have the stream broken down by reach, and by habitat type (pools, riffles, runs, etc.), with length, width, and depth measures for each. I helped him analyze this data a few years ago. 

He has also measured depth of a subset of pools specifically (not runs or riffles) during annual fish surveys in years since.

Would that data be more useful to you? If you don't have it, you can ask Jeff for it (jsimms@blm.gov) or I can help get it to you.



Gita



-----Original Message-----

From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 

Sent: Tuesday, July 02, 2013 11:37 AM

To: Gita Bodner

Cc: 'Leidy, Robert (Leidy.Robert@epa.gov)'

Subject: FW: LCNCA channel cross sections, 1993 and 2006, with water noted



I think the answer is yes, Robert, but I defer to Gita to be sure!



-----Original Message-----

From: Leidy, Robert [mailto:Leidy.Robert@epa.gov] 

Sent: Tuesday, July 02, 2013 11:36 AM

To: Julia Fonseca

Subject: RE: LCNCA channel cross sections, 1993 and 2006, with water noted



Hi Julia,



Thanks so much for sending this along and the other references. They will be very useful. I am not sure that I can discern water depth from this information. Can I get water depth in the wetted-channel from these cross sections?



Thanks much,



Rob





______________________________

Robert A. Leidy, Ph.D.

U.S. Environmental Protection Agency

Wetlands Office (WTR-8)

75 Hawthorne Street

San Francisco, CA 94105

(415) 972-3463









-----Original Message-----

From: Julia Fonseca [mailto:Julia.Fonseca@pima.gov] 

Sent: Monday, July 01, 2013 8:36 AM

To: Leidy, Robert

Cc: ''Gita Bodner' (gbodner@TNC.ORG)'

Subject: FW: LCNCA channel cross sections, 1993 and 2006, with water noted



Hi, Robert, is this the type of data you want?  The is a repeat cross section measured in 1993 and 2006 describing elevation of plant communities relative to cross-sectional geometry of the floodplain, with remarks about where surface water was at the time.  



-----Original Message-----

From: Gita Bodner [mailto:gbodner@tnc.org] 

Sent: Friday, June 28, 2013 6:36 PM

To: Julia Fonseca

Subject: LCNCA channel cross sections, 1993 and 2006, with water noted



Is this the type of info you thought would be useful?

Some show water, e.g. EG1; others do not (were dry). 



I think that comprehensive survey of the channel by Lawson and Huth would have lots of info on depth to surfacewater in it, but needs someone with more experience working with that kind of survey data to work with it easily. 



Gita



Lawson, L,. and H. Huth. 2003. Lower Cienega Creek Restoration Evaluation Project: An investigation into developing quantitative methods for assessing stream channel physical condition. Arizona Water Protection Fund Grant #90-068 WPF. Produced by the Arizona Department of Environmental Quality, Southern Regional Office Tucson AZ, Report #EQR0303. 76 p.  








RE: Rosemont - Empire Gulch

		From

		Leidy, Robert

		To

		Vogel, Mindy S -FS; Julia.Fonseca@pima.gov; Moore, Daniel (d3moore@blm.gov); Jessop, Carter

		Cc

		Shafiqullah, Salek -FS; cgarrett@swca.com; Goldmann, Elizabeth; Brush, Jason

		Recipients

		msvogel@fs.fed.us; Julia.Fonseca@pima.gov; d3moore@blm.gov; JESSOP.CARTER@EPA.GOV; sshafiqullah@fs.fed.us; cgarrett@swca.com; Goldmann.Elizabeth@epa.gov; Brush.Jason@epa.gov



Mindy,



 



The Pima County and BLM references refer to annual wet-dry mapping on Cienega Creek, not necessarily Empire Gulch. The only several hundred feet in Empire Gulch is based on my personal observation and a comment made to me by Jeff Simms, BLM, during our site visit on June 27th, 2013.



 



Rob



 



 



 



______________________________



Robert A. Leidy, Ph.D.



U.S. Environmental Protection Agency



Wetlands Office (WTR-8)



75 Hawthorne Street



San Francisco, CA 94105



(415) 972-3463



 



 



 



From: Vogel, Mindy S -FS [mailto:msvogel@fs.fed.us] 
Sent: Tuesday, October 29, 2013 12:53 PM
To: Julia.Fonseca@pima.gov; Moore, Daniel (d3moore@blm.gov); Leidy, Robert; Jessop, Carter
Cc: Shafiqullah, Salek -FS; cgarrett@swca.com
Subject: Rosemont - Empire Gulch



 



Hi.



 



I have included a number of cooperating agency contacts on this email in hopes of reaching all likely sources of the following data.  I would appreciate a response by COB 10/30 whether or not your agency has the information referenced below in highlight.



 



In an email from Mr. Robert Leidy, EPA to the Coronado NF on 10/25, Mr. Leidy wrote (highlight added):



 



It is a well-known fact that the long-term trend in surface flows in Cienega Creek is one of steep, continuing decline due to several factors including increasing domestic groundwater pumping and persistent natural drought. One consequence of declining ground and surface water availability is a continuing long-term, decreasing trend in the length of available wetted stream channel along Cienega Creek. Currently, during the driest portions of the year only a couple miles of permanent surface water remains in Cienega Creek and only several hundred feet in Empire Gulch (Pima County and BLM have documented in detail these ongoing trends of decreasing surface water availability).



 



The Coronado believes that the highlighted section indicates that there is data available for Empire Gulch.  However, to our knowledge, we are not aware of nor have this data available to us.  If indeed there is data on Empire Gulch, it would greatly assist the FS in the analysis and we would appreciate receiving this information promptly.  



 



Thank you for your time. 



 



 







 







This electronic message contains information generated by the USDA solely for the intended recipients. Any unauthorized interception of this message or the use or disclosure of the information it contains may violate the law and subject the violator to civil or criminal penalties. If you believe you have received this message in error, please notify the sender and delete the email immediately. 






		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



At least you can see the names of the personnel:



 



 



Conference Proceedings



2004 



 



Webb, A.C. and Burks-Copes, K.A. (2004) "Lessons Learned From Assessing Ecosystem Restoration Studies Across The Nation. ," First National Ecosystem Restoration Conference. December, 2004. Lake Buena Vista, FL. 



 



Bergmann, K.M., Burks-Copes, K.A., and Webb, A.C. (2004) "El Rio Antiguo: A Case Study Of The Assessment Of Ecosystem Restoration Success Using HGM," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 



 



Catanzaro, A., Heinly, R., Webb, A.C., and Burks-Copes, K.A. (2004) "Clear Creek Watershed Flood Damage Reduction And Ecosystem Restoration Study," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 



 



Webb, A.C. and Burks-Copes, K.A. (2004) "Lessons Learned From Assessing Ecosystem Restoration Studies Across The Nation," USACE National Economic and Environmental Analysis Conference. 13-15 April, 2004. Baltimore, MD. 



 



2003 



 



Webb, A.C. and Burks-Copes, K.A. (2003) "EXHGM: Expert Hydrogeomorphic (HGM) Approach Software," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 



 



Burks-Copes, K.A., and Webb, A.C. (2003) "Using HGM To Assess The Success Of Restoration Projects In Arid Riparian Systems In Arizona," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 



 



Burks-Copes, K.A., and Webb, A.C. (2003) "Using Hgm To Assess The Success Of Restoration Projects In Arid Riparian Systems In Arizona," Society of Wetland Scientists 24th Annual Meeting. June 8-13, 2003. New Orleans, LA. 



 



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov



 






Water budget projections based on population

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Hi, this paper used four growth scenarios relative to basin water budgets, including Aravaipa, Cienega and many other basins in Arizona.   You can download a copy from here:



 



 



http://azconservation.org/downloads/sustainable_water_management_in_the_southwestern_united_states



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov



 






mitigation lands

		From

		Julia Fonseca

		To

		Leidy, Robert

		Recipients

		Leidy.Robert@epa.gov



Rob,



 



Here is the document you requested.



 



Julia Fonseca



Environmental Planning Manager



 



Pima County Office of Sustainability and Conservation



201 N. Stone, 6th floor



Tucson, AZ 85701



(520) 724-6460



Julia.Fonseca@pima.gov



 





jd-rosemont.compensatory.mitigation.lands.pdf

COUNTY ADMINISTRATOR’S OFFICE

PIMA COUNTY GOVERNMENTAL CENTER
130 W. CONGRESS, TUCSON, AZ 85701-1317
(520) 740-8661 FAX (520) 740-8171

C.H. HUCKELBERRY
County Administrator

December 23, 2009

Jeanine Derby, Forest Supervisor
Coronado National

300 W. Congress Street

Tucson, Arizona 85701

Re: Compensatory Mitigation Lands

Dear Ms. Derby:

The County continues to be concerned over the adverse impacts associated with the
proposed Rosemont mine. The measures proposed by Rosemont in their mining Plan of
Operations are clearly inadequate to offset these adverse environmental impacts. Should the
mine proceed, we request that the Forest Service uphold mitigation guidelines intended to
assist the region in building an interconnected biological reserve system that crosscuts
various jurisdictions. The mitigation guidelines and biological reserve design are embodied in
the Maeveen Marie Behan {(MMB) Conservation Lands System, a key outcome of the Sonoran
Desert Conservation Plan (SDCP). The US Department of Agriculture Coronado National
Forest was a participating agency in the SDCP development.

In previous correspondence with Rosemont, and then later with your agency, | have
repeatedly outlined five environmental performance standards, one of which is tied to the
MMB Conservation Lands System mitigation ratios. Based on Rosemont’s initial Plan of
Operations, we have estimated compensatory mitigation at approximately 8,800 acres. Since
then, we have learned of other project components that lie outside the mine footprint per se.
The Forest Service should demand mitigation for lands directly affected by all mine-related
facilities, including utilities and other offsite land disturbances.

Attachment 1 to this letter outlines general mitigation principles that we would expect for the
compensation of public land. In general, mitigation should be applied only after all efforts to
avoid and minimize are applied. The Forest Service needs to ensure that mitigation will occur
prior to impacting Forest Service lands. This assures compensation actually takes place,
regardless of whether the project fails and funding, promises, and contracts fall apart.
Mitigation lands must be closed to new mineral and substantially free of mining claims. Any
land acquisition must include related water rights or claims that currently exist. We also
assume that mitigation lands would be managed, monitored and protected in perpetuity.







Ms. Jeanine Derby

Re: Compensatory Mitigation Lands
December 23, 2009

Page 2

Another performance standard is to ensure there is no impact to the water resources of the
Cienega Basin. Rosemont’'s own groundwater model shows that the project would greatly
reduce underflows of groundwater to Davidson Canyon and many springs in the area during
the 122-year period they analyzed. QOur model shows impacts to upper Cienega Basin that
would expand and endure over thousands of years. We continue to oppose a mine that
would jeopardize the long-term water resources of the upper and lower Cienega Basin, in
which federal and local governments have invested millions of dollars.

If the Forest Service permits a mine that would impact aquatic resources of Cienega Creek,
there will be no suitable replacement habitat. Notwithstanding our opposition to irreversible
and irretrievable loss of water and aquatic habitat and our belief that these impacts cannot be
mitigated, we suggest in the attachment certain additional principles to govern selection of
mitigation for aquatic resources, separate from upland and riparian resources.

Per your request, we have identified a number of properties that may address the needs for
compensatory mitigation of upland and riparian habitat. Each property is identified via its
parcel tax code {Attachment 2) and in color {brown, purple, blue, and gray) on the Rosemont
Mitigation Parcels map (Attachment 3). You may use the County MapGuide tool at
http://www.dot.pima.gov/gis/maps/mapguide/ to view the exact location of each parcel in
greater detail. For aquatic habitat mitigation, the best mitigation of which we are aware
would be to restore diverted flows to Cienega Creek at Township 16 South, Range 16 East,
Section 14, through acquiring two acres of land and associated surface water rights held by
Del Lago Golf associated with Parcel 305-11-024C and the well site at Parcel 305-11-028.

While we are pleased that the Forest Service is exploring compensatory mitigation lands, we
would also like to point out that mitigation in the form of land acquisition would not replace
reclamation of the mining site, including restoration of watershed functions to the degree
possible.

Sincerely,

C.

C.H. Huckelberry
County Administrator

CHH/mjk
Attachments

c: Julia Fonseca, Environmental Planning Manager
Pima County Office of Conservation Science and Environmental Policy




http://www.dot.pima.gov/gis/maps/mapguide/
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Principles for Compensatory Mitigation

Lands protected as compensatory mitigation should be:

1)
2)
3)

4)
5)
6)
7)
8)

in the area of direct effect or as close as possible to the area of direct effect; and
adjacent to other protected lands; and

protected in perpetuity with legal instruments that secure minerals and water, and
other land interests; and

managed for protection of land and water; and

monitored to assure the mitigation intent is being met; and

accessible to the public {at least by means of foot); and

located within the Maeveen Marie Behan Conservation Lands System (CLS); and

a total acreage that is consistent with the CLS guidelines for mitigation {~8,800
acres)

Based on these principles, the ideal lands would include {in no particular order):

1)

2)

3)

4)

portions of the Santa Rita Experimental Range adjacent to the Coronado National
Forest; '

private lands located inside or adjacent to the Santa Rita units of the National
Forest, especially in Pima County close to the mine

Rosemont’s fee-owned lands in or adjacent to the Santa Rita unit of the Coronado
National Forest;

private and state trust lands along Barrel and Davidson Canyons, including lands
owned by Rosemont, and state trust lands which are part of Pima County’s Bar V
Ranch.

Principles for waters for mitigation:

1)

2)
3)
4)
5)
6)

springs and perennial streams (if their existence is not threatened by the mine itself;
and

inside other protected land areas; and

provide habitat for listed or candidate species; and

managed for protection of land and water;

monitored to assure the mitigation intent is being met;

Mitigation for water impacts to the Cienega Basin can include the purchase of the
one-acre Vail diversion dam and associated water rights along Cienega Creek.







Principles for Compensatory Mitigation
Page 2

If insufficient land is available from the ideal lands, then our preferences in order of priority
are:

1. State and private lands in the Santa Rita unit at similar elevation, including the
private lands at the mouth of Madera Canyon;

2. State and private lands adjacent to BLM and County land in the Empire Mountains.
The Empire Mountains are an important recharge area in the Cienega Basin.
Possesses extensive outcrops of limestone, includes mine claims. Land is situated
close to the mine and at a similar elevation. Includes lands in the area of visual
effect. Several land owners in the area have approached Pima County with interest
in selling.

3. State and private lands adjacent to BLM and County land in the piedmont of the
Whetstone Mountains. Land is situated close to the mine and at a similar elevation.
Includes lands in the area of visual effect.

4. Private lands along Agua Verde Creek south of the Rincon Mountains. Land
includes riparian areas similar to those which would be affected along Davidson and
Barrel Canyons. Is close to or adjacent to protected lands.
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POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

DISTANCE TO

PARCEL USE PARCEL OWNER ACRES = DESCRIPTION LOCATION MINE (MILES) TRS CLS
303540200 9500 STATE OF ARIZONA 640 STATE LANDS | SANTA RITA EXPERIMENTAL 9.1 331714E | MULTI USE
303540210 9500 STATE OF ARIZONA 157 | STATE LANDS | SANTA RITA EXPERIMENTAL 8.4 341714E MULTI USE
303540210 9500 STATE OF ARIZONA 482 STATE LANDS | SANTA RITA EXPERIMENTAL 8.2/ 341714E MULTI USE
303540220 9500 STATE OF ARIZONA 555 STATE LANDS |SANTA RITA EXPERIMENTAL 7.2, 351714E | MULTI USE
303540220 9500 STATE OF ARIZONA 84 STATE LANDS |SANTA RITA EXPERIMENTAL 7.6, 351714E | MULTI USE
303540230 9500 STATE OF ARIZONA 645 STATE LANDS | SANTA RITA EXPERIMENTAL 6.4 361714E BIO CORE
304130120 4710 SANTA RITA RANCH INC 631 RANCHING SANTA RITA EXPERIMENTAL 11.1| 361813E BIO CORE
304293140 9500 STATE OF ARIZONA 14,989 STATE LANDS  SANTA RITA EXPERIMENTAL 5.1/ 011814E |RIPARIAN
304293140 9500 STATE OF ARIZONA 603 STATE LANDS | SANTA RITA EXPERIMENTAL 5.8/ 011814E BIO CORE
304293140 9500 STATE OF ARIZONA 2,130 STATE LANDS |SANTA RITA EXPERIMENTAL 8.3 011814E BIO CORE
304450180 0014 HENDERSON TERRY M & SARAH E JT/RS O VACANT SANTA RITA EXPERIMENTAL 8.0, 221914E BIO CORE
304450190 0014 HENDERSON TERRY M & SARAH E JT/RS 4 VACANT SANTA RITA EXPERIMENTAL 8.0, 221914E BIO CORE
304450210 0004 KETTENBACH MICHAEL L TR 1/3 INT ETAL 82 VACANT SANTA RITA EXPERIMENTAL 7.8 221914E BIO CORE
304460010 4710 SANTA RITA RANCH INC 84 RANCHING CORONADO FOREST 6.2 131914E BIO CORE
304460020 9500 STATE OF ARIZONA 13 STATE LANDS | SANTA RITA EXPERIMENTAL 5.6/ 131914E |RIPARIAN
304460020 9500 STATE OF ARIZONA 290 STATE LANDS | SANTA RITA EXPERIMENTAL 5.7 131914E BIO CORE
304460020 9500 STATE OF ARIZONA 168 STATE LANDS | SANTA RITA EXPERIMENTAL 6.0 131914E BIO CORE
305210030 9500 STATE OF ARIZONA 114 STATE LANDS |BAR V RANCH 9.8 351616E BIO CORE
305210030 9500 STATE OF ARIZONA 111/ STATE LANDS |BARV RANCH 9.7 351616E BIO CORE
305210060 9500 STATE OF ARIZONA 320 STATE LANDS | BAR V RANCH 9.9 361616E BIO CORE
305221540 9500 STATE OF ARIZONA 667 STATE LANDS | SANTA RITA EXPERIMENTAL 5.8/ 311715E | BIO CORE
305221550 9500 STATE OF ARIZONA 627 STATE LANDS | SANTA RITA EXPERIMENTAL 5.0, 321715E | BIO CORE
305221560 9500 STATE OF ARIZONA 629 STATE LANDS | SANTA RITA EXPERIMENTAL 4.4 331715E | BIO CORE
305221570 9500 STATE OF ARIZONA 626 STATE LANDS | SANTA RITA EXPERIMENTAL 3.9 341715E | BIO CORE
305391370 9500 STATE OF ARIZONA 64 STATE LANDS |BAR V RANCH 9.4 021716E BIO CORE
305391370 9500 STATE OF ARIZONA 233 /STATE LANDS | BAR V RANCH 8.9 021716E | BIO CORE
305391640 9500 STATE OF ARIZONA 171/STATE LANDS | DAVIDSON CANYON 4.9 361716E RIPARIAN
305391650 9500 STATE OF ARIZONA 473 STATE LANDS | BAR V RANCH 9.1 011716E BIO CORE
305391650 9500 STATE OF ARIZONA 30 STATE LANDS |BAR V RANCH 9.1 011716E BIO CORE
305391660 9500 STATE OF ARIZONA 242 STATE LANDS | BARV RANCH 8.4 121716E BIO CORE
305530050 4717 SANTA RITA RANCH INC 161 RANCHING SANTA RITA EXPERIMENTAL 1.6, 341815E BIO CORE
305530090 9500 STATE OF ARIZONA 650 STATE LANDS | SANTA RITA EXPERIMENTAL 3.0, 031815E BIO CORE
305530100 9500 STATE OF ARIZONA 644 STATE LANDS | SANTA RITA EXPERIMENTAL 3.6/ 041815E BIO CORE
305530110 9500 STATE OF ARIZONA 648 STATE LANDS | SANTA RITA EXPERIMENTAL 4.4 051815E | BIO CORE
305530120 9500 STATE OF ARIZONA 658 STATE LANDS | SANTA RITA EXPERIMENTAL 5.2/ 061815E BIO CORE
305530130 9500 STATE OF ARIZONA 664 STATE LANDS | SANTA RITA EXPERIMENTAL 4.7 071815E | BIO CORE
305530130 9500 STATE OF ARIZONA 18 STATE LANDS | SANTA RITA EXPERIMENTAL 5.4 071815E BIO CORE
305530140 9500 STATE OF ARIZONA 656 STATE LANDS | SANTA RITA EXPERIMENTAL 3.8 081816E BIO CORE
305530150 9500 STATE OF ARIZONA 644 STATE LANDS | SANTA RITA EXPERIMENTAL 3.0, 091815E BIO CORE
305530200 9500 STATE OF ARIZONA 632 STATE LANDS | SANTA RITA EXPERIMENTAL 2.5 161815E BIO CORE
305530210 9500 STATE OF ARIZONA 632 STATE LANDS | SANTA RITA EXPERIMENTAL 3.4 171815E | BIO CORE
305530220 9500 STATE OF ARIZONA 103 STATE LANDS |SANTA RITA EXPERIMENTAL 4.5 181815E | BIO CORE
305530220 9500 STATE OF ARIZONA 539 STATE LANDS |SANTA RITA EXPERIMENTAL 4.3 181815E | BIO CORE
305530230 9500 STATE OF ARIZONA 657 STATE LANDS | SANTA RITA EXPERIMENTAL 4.1 191815E | BIO CORE
305530240 9500 STATE OF ARIZONA 648 STATE LANDS | SANTA RITA EXPERIMENTAL 3.1/ 201815E BIO CORE
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POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

DISTANCE TO

PARCEL USE PARCEL OWNER ACRES @ DESCRIPTION LOCATION MINE (MILES) TRS CLS
305530250 9500 STATE OF ARIZONA 637 STATE LANDS | SANTA RITA EXPERIMENTAL 2.1 211815E BIO CORE
305530260 9500 STATE OF ARIZONA 636 STATE LANDS | SANTA RITA EXPERIMENTAL 2.1 281815E BIO CORE
305530270 9500 STATE OF ARIZONA 647 STATE LANDS | SANTA RITA EXPERIMENTAL 3.1, 291815E BIO CORE
305530280 9500 STATE OF ARIZONA 659 STATE LANDS | SANTA RITA EXPERIMENTAL 4.1, 301815E | BIO CORE
305530290 9500 STATE OF ARIZONA 659 STATE LANDS | SANTA RITA EXPERIMENTAL 4.1 311815E | BIO CORE
305530300 9500 STATE OF ARIZONA 644 STATE LANDS | SANTA RITA EXPERIMENTAL 3.1, 321815E BIO CORE
305540020 4710 ROSEMONT COPPER CO 14 ROSEMONT ROSEMONT PARCELS 0.9/ 131815E |BIO CORE
305540030 4710 ROSEMONT COPPER CO 20 ROSEMONT ROSEMONT PARCELS 1.0, 131815E |BIO CORE
305540040 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 0.8/ 131815E |BIO CORE
305540050 4710 ROSEMONT COPPER CO 22 ROSEMONT ROSEMONT PARCELS 0.7 131815E | BIO CORE
305540060 4710 ROSEMONT COPPER CO 7 ROSEMONT ROSEMONT PARCELS 0.8/ 131815E |BIO CORE
305540070 4710 ROSEMONT COPPER CO 22 ROSEMONT ROSEMONT PARCELS 0.6/ 131815E |BIO CORE
305540080 4710 ROSEMONT COPPER CO 22 ROSEMONT ROSEMONT PARCELS 0.6/ 131815E |BIO CORE
305540090 4710 ROSEMONT COPPER CO 14 ROSEMONT ROSEMONT PARCELS 0.7 131815E | BIO CORE
305540100 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 0.5/ 131815E |BIO CORE
305540110 4710 ROSEMONT COPPER CO 16 ROSEMONT ROSEMONT PARCELS 0.5/ 131815E |BIO CORE
305550010 4710 ROSEMONT COPPER CO 11 ROSEMONT ROSEMONT PARCELS 1.5 141815E BIO CORE
305550040 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 1.5 141815E BIO CORE
305550050 4710 ROSEMONT COPPER CO 15 ROSEMONT ROSEMONT PARCELS 1.4 141815E BIO CORE
305550060 4710 ROSEMONT COPPER CO 9 ROSEMONT ROSEMONT PARCELS 1.3 141815E BIO CORE
305550070 4710 ROSEMONT COPPER CO 18 ROSEMONT ROSEMONT PARCELS 1.2 141815E BIO CORE
305550080 4710 ROSEMONT COPPER CO 9 ROSEMONT ROSEMONT PARCELS 1.3 141815E BIO CORE
305550090 4710 ROSEMONT COPPER CO 9 ROSEMONT ROSEMONT PARCELS 1.1 141815E BIO CORE
305550100 4710 ROSEMONT COPPER CO 11 ROSEMONT ROSEMONT PARCELS 1.1 141815E BIO CORE
305550110 4710 ROSEMONT COPPER CO 19 ROSEMONT ROSEMONT PARCELS 1.1 141815E BIO CORE
305550130 4710 ROSEMONT COPPER CO 20 ROSEMONT ROSEMONT PARCELS 1.0 141815E BIO CORE
305550140 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 1.0 141815E BIO CORE
305550150 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 0.9 141815E | BIO CORE
305560040 4710 ROSEMONT COPPER CO 18 ROSEMONT ROSEMONT PARCELS 1.9/ 151815E |BIO CORE
305560050 4710 ROSEMONT COPPER CO 17 ROSEMONT ROSEMONT PARCELS 1.7 151815E ' BIO CORE
305560060 4710 ROSEMONT COPPER CO 16 ROSEMONT ROSEMONT PARCELS 1.6, 151815E ' BIO CORE
305560070 4710 ROSEMONT COPPER CO 13 ROSEMONT ROSEMONT PARCELS 1.7 151815E ' BIO CORE
305580080 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 0.7 231815E | BIO CORE
305580090 4710 ROSEMONT COPPER CO 15 ROSEMONT ROSEMONT PARCELS 0.6/ 231815E |BIO CORE
305580090 4710 ROSEMONT COPPER CO 1 ROSEMONT ROSEMONT PARCELS 0.6/ 231815E |BIO CORE
305580100 4710 ROSEMONT COPPER CO 20 ROSEMONT ROSEMONT PARCELS 0.5/ 231815E |BIO CORE
305580110 4710 ROSEMONT COPPER CO 20 ROSEMONT ROSEMONT PARCELS 0.8/ 231815E |BIO CORE
305580120 4710 ROSEMONT COPPER CO 21 ROSEMONT ROSEMONT PARCELS 0.8/ 231815E |BIO CORE
305580130 4710 ROSEMONT COPPER CO 6 ROSEMONT ROSEMONT PARCELS 1.1 231815E BIO CORE
305580140 4710 ROSEMONT COPPER CO 13 ROSEMONT ROSEMONT PARCELS 1.1 231815E BIO CORE
305580150 4710 ROSEMONT COPPER CO 18 ROSEMONT ROSEMONT PARCELS 1.0, 231815E |BIO CORE
305580160 4710 ROSEMONT COPPER CO 3 ROSEMONT ROSEMONT PARCELS 1.3/ 231815E |BIO CORE
305580170 4710 ROSEMONT COPPER CO 16 ROSEMONT ROSEMONT PARCELS 1.3/ 231815E |BIO CORE
305580170 4710 ROSEMONT COPPER CO 0 ROSEMONT ROSEMONT PARCELS 1.6/ 231815E |BIO CORE
305580180 4710 ROSEMONT COPPER CO 15 ROSEMONT ROSEMONT PARCELS 1.4 231815E BIO CORE
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PARCEL
305580190
305580200
305580220
305580250
305580260
305580270
305580280
305590060
305590070
305590070
305590080
305590090
305590100
305590110
305590120
305590130
305590140
305590150
305590160
305590170
305590180
305590190
305590200
305610040
305620140
305620250
305620250
305620320
305630040
305660050
305660070
305660080
305660090
305660110
305660120
305660120
305660120
305660120
305660130
305660130
305910160
305910180
305910260
305910320
305910360

USE
4710
4710
4710
4710
4710
4710
4715
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
9500
9500
9500
9500
4710
4710
4717
4717
0004
9500
9500
9500
9500
9500
9500
9500
0014
0014
0014
0014
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER ACRES
ROSEMONT COPPER CO 1
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 5
ROSEMONT COPPER CO 2
ROSEMONT COPPER CO 5
ROSEMONT COPPER CO 2
ROSEMONT COPPER CO 11
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 20
ROSEMONT COPPER CO 1
ROSEMONT COPPER CO 16
ROSEMONT COPPER CO 17
ROSEMONT COPPER CO 16
ROSEMONT COPPER CO 20
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 15
ROSEMONT COPPER CO 10
ROSEMONT COPPER CO 16
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 21
ROSEMONT COPPER CO 20
ROSEMONT COPPER CO 2
STATE OF ARIZONA 637
STATE OF ARIZONA 537
STATE OF ARIZONA 79
STATE OF ARIZONA 634
ROSEMONT COPPER CO 4
ROSEMONT COPPER CO 20
SANTA RITA RANCH INC 19
MC GIBBON WILLIAM A & NANCY H JT/RS 9
MC CULLOUGH ROBERT B & GRACE G TR 13
STATE OF ARIZONA 318
STATE OF ARIZONA 204
STATE OF ARIZONA 24
STATE OF ARIZONA 202
STATE OF ARIZONA 78
STATE OF ARIZONA 73
STATE OF ARIZONA 199
KPK HOLDING COMPANY LLC 39
CONTRERAS NORMA A 36
SPIVACK KELLY EILEEN & RIOUX EILEEN E L 8
HICKS THOMAS R & PATTERSON DIANNE JT/RS 18
COLE JUDITH 12

DESCRIPTION
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
ROSEMONT
ROSEMONT
RANCHING
RANCHING
VACANT
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
VACANT
VACANT
VACANT
VACANT
VACANT
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LOCATION
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
ROSEMONT PARCELS
ROSEMONT PARCELS
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
CORONADO FOREST
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON

DISTANCE TO
MINE (MILES)

TRS
2318156E
231815E
2318156E
2318156E
2318156E
2318156E
2318156E
241815E
241815E
2418156E
241815E
241815E
241815E
241815E
241815E
2418156E
241815E
241815E
2418156E
241815E
241815E
241815E
241815E
361815E
021816E
111816E
111816E
261816E
191816E
011915E
161915E
1719156E
2319156E
031915E
091915E
091915E
091915E
091915E
1019156E
101915E
011816E
011816E
011816E
121816E
121816E

CLS
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
MULTI USE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
MULTI USE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE







PARCEL
305910370
305910380
305910390
305910420
305910440
305910450
305910460
305910470
305910480
305910490
305910550
305910560
305910570
305910580
305910590
305910600
305910620
305910650
305910690
305910730
305910750
305910760
305910780
305910840
306010270
306010350
306010350
306050070
306060040
306080070
306150270
306150280
306150290
306150330
306150340
306150350
306150370
306150480
306150550
306150580
306150620
306150630
306150640
306150680
306150710

USE
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0011
0014
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
0014
9500
4717
0014
9500
0014
0014
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
COLE JUDITH
CLARK LARRY D
MC CAIN CHARLES R & JILL STEVENS
MC CAIN CHARLES R & JILL STEVENS
BOUCHARD PIERRE & ARLENE CP/RS
BOUCHARD PIERRE & ARLENE CP/RS
TANNER ROGER D
HOWELL STEPHEN A
HOWELL STEPHEN A
SHERMAN DONALD F & GERALDINE K JT/RS
D & B FAMILY TRUST
LESZCZYNSKI LEON PAUL & CAROL ELLEN JT/RS
SCHOON GREGORY D
D & B FAMILY TRUST
D & B FAMILY TRUST
SULLIVAN W & J TRUST
MORRIS RAYMOND E
MEDSKER JEFFREY C & JO ANNE K JT/RS
BLOUNT LOIS J
EDMUNDS HARVEY S TR
BOUCHARD PIERRE L & ARLENE M JT/RS
BOUCHARD PIERRE L & ARLENE M JT/RS
BOUCHARD PIERRE L & ARLENE M
HANNAH JACK
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
TORGERSON JOEL ERIC
STATE OF ARIZONA
ANDRADA RANCH LTD PARTNERSHIP
HERTEL THOMAS A & PAMELA E CP/RS
STATE OF ARIZONA
REYNOLDS DONALD R & CAROLYN A JT/RS
GILBERT MIKE S
ROSENFELD JAMES J & MURIEL E JT/RS

ACRES
8
20
20
2
5
5
10
20
29
1

O OIN = = oo a0

N
w

21
16
4

0
117
252
311
40
313
5
628
632
643
628
617
611
631
9
234
276
8
394
9
10
10

DESCRIPTION
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
VACANT
STATE LANDS
RANCHING
VACANT
STATE LANDS
VACANT
VACANT
VACANT
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LOCATION
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON

DISTANCE TO
MINE (MILES)
4.2
4.0
3.9
3.7
3.7
3.8
3.8
3.8
3.9
4.1
4.2
4.1
4.1
4.1
4.1
4.1
4.1
4.0
3.8
3.6
3.6
3.6
3.5
3.6
11.4
1.1
10.6
12.0
11.5
11.7
8.9
9.5
10.1
9.4
8.1
7.3
5.9
7.7
6.7
7.0
7.3
7.7
8.2
8.0
7.7

TRS
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
301617E
321617E
321617E
281617E
291617E
341617E
081717E
091717E
101717E
151717E
171717E
201717E
301717E
191717E
191717E
191717E
191717E
181717E
181717E
181717E
181717E

CLS
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN







PARCEL
306150720
306150740
306150750
306150780
306150790
306150810
306150820
306160050
306160050
306160060
306160070
306170030
306170040
306170090
306170140
306170160
306170210
306170230
306170240
307150030
307160120
307200040
307205040
307210050
304131068
30413106C
30413106C
30445011B
30445011B
30445011B
30445011B
30445011B
30445011B
30445011B
30445011B
30445020C
30539163A
30553003B
30553003C
30553003F
30553004C
30553004D
30553004G
30553004H
30553004J

USE
0014
0014
0014
0014
0014
0014
0014
9500
9500
9500
9500
0014
0014
9500
0014
0014
0014
0014
0014
4710
4710
4717
6800
0004
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
9500
0014
9500
0014
0014
9500
0014
4710
0014
4710
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
MULLEN MATTHEW D & TERESA M CP/RS
KONEN LEROY & CYNTHIA LIVING TR
ADAMS WILLARD M & DEBORAH A JT/RS
SCHEOPNER NORMAN D & JEANNETTE E JT/RS
CLAY YVONNE C REVOC TR
PATTERSON JOSEPH R & MC NABOE
KELESIS FAMILY TRUST
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
THAYER RUTH THURSTON
MORALES ALFREDO
STATE OF ARIZONA
BURTON MICHAEL & KAREN M CP/RS
NIKRASCH & LOSCIALPO FAMILY REVOCABLE LIVII
LOOG PATRICIA ANN
LAWWILL BENJAMIN H & JANET W JT/RS
TRUJILLO PR Il & ELIZABETH A JT/RS
BARCHAS SARAH ELIZABETH
BARCHAS SARAH ELIZABETH
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
WAGONER FAMILY TR
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
LUDWIG ERIC R
STATE OF ARIZONA
QUEST PAT
BIRKSON ENTERPRISES LIMITED PARTNERSHIP
STATE OF ARIZONA
TOVAR ENRIQUE
AVRA VALLEY RANCH & PROPERTIES LLC
VESTERDAL ALAN FRED
AVRA VALLEY RANCH & PROPERTIES LLC
GANT LONNY & LISA JT/RS

ACRES

DESCRIPTION
10 VACANT
7 VACANT
7 VACANT
7 VACANT
4 VACANT
14 VACANT
8 VACANT
30 STATE LANDS
567 STATE LANDS
629 STATE LANDS
621 STATE LANDS
2 VACANT
1 VACANT
39 STATE LANDS
12 VACANT
1 VACANT
9 VACANT
9 VACANT
2 VACANT
29 RANCHING
40 RANCHING
5 ROSEMONT
0 ROSEMONT
40 VACANT
380 STATE LANDS
69 STATE LANDS
30 STATE LANDS
349 STATE LANDS
1,293 STATE LANDS
4,901 STATE LANDS
801 STATE LANDS
O STATE LANDS
969 STATE LANDS
57 STATE LANDS
25 STATE LANDS
4 VACANT
401 STATE LANDS
9 VACANT
10 VACANT
121 STATE LANDS
19 VACANT
39 RANCHING
11 VACANT
40 RANCHING
18 VACANT
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LOCATION
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
CORONADO FOREST
CORONADO FOREST
ROSEMONT PARCELS
CORONADO FOREST
CORONADO FOREST
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
DAVIDSON CANYON
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL

DISTANCE TO
MINE (MILES)
7.8
7.9
7.9
7.8
7.7
7.6
7.5
11.9
10.9
10.3
9.7
6.0
6.1
6.2
5.4
5.4
5.4
5.6
5.7
1.7
2.3

TRS
181717E
181717E
181717E
181717E
181717E
181717E
181717E
031717E
031717E
041717E
051717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
101916E
151916E
211916E
211916E
221916E
251813E
241813E
241813E
011914E
011914E
011914E
011914E
011914E
011914E
011914E
011914E
221914E
361716E
2618156E
261815E
261815E
2718156E
2718156E
2718156E
2718156E
2718156E

CLS
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE







PARCEL
30553004M
30553006A
305530068
30553006C
30553007A
30554012A
30555012A
30557004D
30558021A
30558023A
30558023B
30558024A
30558034C
30559021A
305620068
305620068
30562006C
30562006C
30562007D
30562007F
30562007G
30562007G
30562007H
30562008C
30562008F
30562008G
30562008H
30562008J
30562009A
30562009B
30562011A
30563003A
30566001C
30566001D
30566001E
30566001J
30566001J
30566003B
30566003B
30566003B
30591001A
30591001E
30591002A
30591002B
30591004A

USE
0014
9500
9500
9500
9500
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
4710
9500
9500
4710
4710
4710
4710
4710
4710
4717
4717
4710
4710
4710
9500
4710
4710
4710
4710
4717
4710
4710
9500
9500
9500
0014
0014
0014
0014
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
LANSKY RICHARD J & CORAZON B

STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
STATE OF ARIZONA
STATE OF ARIZONA
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROSEMONT COPPER CO
STATE OF ARIZONA
ROSEMONT COPPER CO
ROSEMONT COPPER CO
ROBINSON CATTLE LLC
ROBINSON JOE R
ROBINSON CATTLE LLC
ROBINSON JOE R
ROBINSON JOE R
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA

FREELAND REVOCABLE LIVING TR

ROMERO ALFREDO D
FREELAND REVOC LIVING TR
HELIN GLORIA J

GAULT DONNA E REVOCABLE TRUST

ACRES

14
124
564
121
319

20

10
4

5
5
3
5
2
21
3
31
366
207
39
39
55
15
159
60
35
5
26
35
158
475
40
19
34
5
40
78

1

1,983
1,632

725
18
6
20
18
16

DESCRIPTION

VACANT
STATE LANDS
STATE LANDS
STATE LANDS
STATE LANDS
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
STATE LANDS
STATE LANDS
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
STATE LANDS
ROSEMONT
ROSEMONT
RANCHING
RANCHING
RANCHING
RANCHING
RANCHING
STATE LANDS
STATE LANDS
STATE LANDS
VACANT
VACANT
VACANT
VACANT
VACANT
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LOCATION
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
DAVIDSON CANYON
DAVIDSON CANYON
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
DAVIDSON CANYON
ROSEMONT PARCELS
ROSEMONT PARCELS
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
SANTA RITA EXPERIMENTAL
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON

DISTANCE TO
MINE (MILES)

O=m = NOO0CC0ODOD R a2 aalN=aPNNO = aaAaaaa0 = aN=aN
O P T O WAoo NNOOOPROOWM—=WOO=NWNOWWO-—=OO=(©O

nd e
EEN)

il bl bad Bed N N
ghwo N 0N

B
o

rad b
N Ol

TRS
2718156E
3418156E
3418156E
3418156E
2718156E
131815E
141815E
2218156E
231815E
231815E
2318156E
231815E
231815E
2418156E
141816E
141816E
141816E
141816E
151816E
151816E
151816E
151816E
151816E
211816E
211816E
211816E
211816E
211816E
231816E
231816E
271816E
191816E
1019156E
1019156E
1019156E
091915E
091915E
041915E
041915E
041915E
011816E
011816E
011816E
011816E
011816E

CLS
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
RIPARIAN
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE







PARCEL
30591006D
30591006J
30591006K
30591017D
30591019A
30591019C
30591019D
30591019E
30591019F
30591019G
30591020A
305910208
30591021B
30591022A
305910228
30591023A
30591023B
305910248
30591025A
30591080A
30591081A
30591082A
305910828
30591085D
30591085F
30591087A
30591087C
30591087F
30601025A
30607003A
30607003A
30607004A
30607004A
306150018
30615005C
306150108
30615011B
30615057A
30615073B
30615073C
30615073D
30615076A
306150768
30617001C
30617001E

USE
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
0014
9500
9500
9500
9500
9500
9500
9500
9500
9500
0014
0014
0014
0014
0014
0014
0014
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
DOWNEY DARRELL
DOWNEY DAVID A
DOWNEY DARRELL
REITZ GEORGE R & CAROL A REVOCABLE TRUST
JRS REALTY GROUP LLC
LEKAWA RAYMOND E & ROSE M CP/RS
LEKAWA RAYMOND E & ROSE M CP/RS
LEKAWA RAYMOND E & ROSE M CP/RS
LEKAWA RAYMOND E & ROSE M CP/RS
LEKAWA RAYMOND E & ROSE M CP/RS
WILKINSON MICHAEL J & DIANE REVOC LIVING TR
FUND LUCY ANN
CONTRERAS NORMA A
PERNO EUGENE M & SUSAN K JT/RS
PERNO EUGENE M & SUSAN K
CHAVEZ LARRY S
PINION JERRY W & VIRGINIA A JT/RS
PINION JERRY W & VIRGINIA A JT/RS
JONES LANITA J & BATELLI PENNY L JT/RS
MACK PATRICK A & CAROL L JT/RS
CHUK MICHAEL & VIRAMONTES OLIVIA JT/RS
OLSON JOHN
CHUK MICHAEL
COOPER ANDREW E & DEBORAH L CP/RS
HELM ROGER
KRAMP JAMES R REVOCABLE TR
O'NEIL GARY |
FRIEDMAN ALAN & GAY REVOCABLE TR
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
STATE OF ARIZONA
MULLINS GARY L & DAPHNE D CP/RS
ORMSBY WILLIAM R JR & DARLENE G CP/RS
AVERY RICHARD A & MARCIA L JT/RS
STAM RYAN C
CORDARO HANK C
O'NEILL CHRISTOPHER H
ULRICH PAMELA J
ROMERO ALFREDO D

ACRES

DESCRIPTION

6 VACANT

10 VACANT

4 VACANT

19 VACANT

15 VACANT

4 VACANT

4 VACANT

4 VACANT

4 VACANT

4 VACANT

20 VACANT

13 VACANT

16 VACANT

25 VACANT

12 VACANT

8 VACANT

29 VACANT

12 VACANT

10 VACANT

4 VACANT

5/ VACANT

8 VACANT

1 VACANT

4 VACANT

5/ VACANT

7 VACANT

7 VACANT

6 VACANT
157 STATE LANDS
66 STATE LANDS
74 STATE LANDS
74 STATE LANDS
60 STATE LANDS
451 STATE LANDS
401 STATE LANDS
315 STATE LANDS
310 STATE LANDS

12 VACANT

10 VACANT

10 VACANT

6 VACANT

15 VACANT

6 VACANT

10 VACANT

11 VACANT
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LOCATION
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
BAR V RANCH
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON

DISTANCE TO
MINE (MILES)
4.0
3.9
3.9
4.3
4.5
4.4
4.4
4.5
4.5
4.5
4.2
4.4
4.5
4.7
4.7
5.1
4.9
4.8
4.5
3.3
3.4
3.3
3.4
3.6
3.7
3.7
3.8
3.7
1.1
11.0
10.5
10.6
10.2
9.3
8.0
8.6
9.1
7.3
7.6
7.7
7.8
7.9
8.0
5.9
6.1

TRS
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
011816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
121816E
331617E
311617E
311617E
311617E
311617E
061717E
211717E
071717E
161717E
191717E
181717E
181717E
181717E
181717E
181717E
311717E
311717E

CLS
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
RIPARIAN
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE







PARCEL USE
30617001H 0014
30617001T 0014
306170024 0014
30617002P 0014
30617002Q 0014
306170025 0014
30617002W 0014
30617002X 0014
30617002Y 0014
30617005A 0014
30617010D 0014
30617010F 0014
30617010G 0014
30617010H 0014
30617010J 0014
30617010K 0014
30617017A 0014
30617018B 0014
30617018C 0014
30617018D 0014
30617020A 0014
30617022A 0014
30617022B 0014
30617025A 0014
30617025B 0014
30713007F 0014
30713007J 0014
30713007P 0014
30713007Q 0014
30713007S 0014
30713015F 0014
30713015R 0014
307140025 0004
30714002U 0014
30714002X 0014
307140022 0014
30714003C 0014
30715001E 0004
30716001B 4710
30716001B 4710
30716001B 4710
30716001C 4717
30716001C 4717
30716013B 0004
30716013C 0004

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
TRUJILLO ROY J & REGINA L JT/RS
WATTS JAMES W & JIMMIE NELL JT/RS
LOZINSKI RICHARD M & LUCINDA L JT/RS
MIKLOCHIK J MICHAEL & RITTER LINDA A CP/RS
STEPHENS TODD M & LAURA M CP/RS
EIRICH CHRISTOPHER W & MAUREEN K CP/RS
GLOVER KARA
GLOVER KARA
O'DONNELL MARC
MORALES RAMON
BALDWIN LORRIE A
WILLINS STEPHEN C
SWAN WAYNE E & DONNA M JT/RS
GOLD ABE
ROMERO ALFREDO D
ETCHART GREGORY A & PAMELA K JT/RS
PROPST MARK A & EVANS PATRICIA S JT/RS
REAM JOHN T & BAUMANN-REAM
SAWICKI MICHAEL A & LINDA J CP/RS
HSIAO CHING-SONG GENE & YU-MEI UNA TR
ESTES AARON
LINN GEORGE W IV & GEE KAMI L JT/RS
LINN GEORGE W IV & GEE KAMI L JT/RS
TRUJILLO PR Il & ELIZABETH A JT/RS
TRUJILLO PR Il & ELIZABETH A JT/RS
URQUIDES JOSEPHINE P
URQUIDES JOSEPHINE P
DAVIS H JOHN & AUDREY LIFE EST THEN TO
SOLSBERRY DONNA DAVIS
URQUIDES JOSEPHINE P
GILLESPIE CYNTHIA JOAN REVOC TR
HABER KAI TR
KOSTROSKI FAMILY LIMITED PARTNERSHIP
HOOPER GROUP INC
WICKS FRANKLIN R & CONSTANCE J
BURROWS RICHARD L & KAREN JT/RS
LAUDERBACH DENNIS G & GAIL A CP/RS
BLUE OAKS CORP
BARCHAS SARAH ELIZABETH
BARCHAS SARAH ELIZABETH
BARCHAS SARAH ELIZABETH
BARCHAS SARAH
BARCHAS SARAH
ARCHAEOLOGICAL CONSERVANCY (THE)
ARCHAEOLOGICAL CONSERVANCY (THE)

ACRES
40 VACANT
6 VACANT
10 VACANT
5/ VACANT
5/ VACANT
8 VACANT
4 VACANT
4 VACANT
10 VACANT
1 VACANT
20 VACANT
8 VACANT
10 VACANT
8 VACANT
21 VACANT
20 VACANT
4 VACANT
10 VACANT
8 VACANT
10 VACANT
5/ VACANT
5/ VACANT
5/ VACANT
9 VACANT
40 VACANT
20 VACANT
13 VACANT
5/ VACANT
21 VACANT
1 VACANT
40 VACANT
20 VACANT
25 VACANT
8 VACANT
8 VACANT
12 VACANT
2 VACANT
13 VACANT
72 RANCHING
51 RANCHING
47 RANCHING
35 RANCHING
RANCHING
VACANT
VACANT

RN N Y
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DESCRIPTION

LOCATION
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
DAVIDSON CANYON
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST

DISTANCE TO
MINE (MILES)
6.0
6.0
5.7
5.8
5.9
5.5
5.7
5.6
5.6
6.0
5.8
5.6
5.6
5.5
6.0
5.9
5.2
5.2
5.3
5.3
5.5
5.6
5.5
5.7
5.7
2.6
2.6
2.8
2.6
2.6
3.5
3.8
1.3
0.6
1.3
1.2
0.6
1.7
2.3
2.3
2.4
2.1
2.2
3.0
2.9

TRS
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
311717E
191916E
191916E
191916E
191916E
191916E
271916E
271916E
091916E
091916E
091916E
091916E
091916E
101916E
151916E
151916E
151916E
151916E
151916E
151916E
151916E

CLS
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
RIPARIAN
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
BIO CORE
MULTI USE
MULTI USE
RIPARIAN
RIPARIAN
MULTI USE
MULTI USE
MULTI USE
MULTI USE
RIPARIAN
MULTI USE
MULTI USE
RIPARIAN
MULTI USE
MULTI USE
MULTI USE
MULTI USE
RIPARIAN
MULTI USE
MULTI USE
MULTI USE







PARCEL
30716013D
30716013D
30717001G
30717001K
30717001K
30717001N
30717001V
30717501K
30717501N
30718003D
30718003D
30718503D
30720001F
30720002E
30720002J
30720003D
30720003F
30720503D
30720503F
30721002J
30721002P
30721002Q
30721004A
30721004D
30721004G
30721004J
30721004M
30721004N
30721006F
30721006K
30721006N
30721006P
30721006S
307210078
30721007D
30721007J
30721007K
30721007M
30721007N
30721007P

USE
4710
4710
4710
4710
4710
4710
0014
6800
6800
4710
4710
6800
0004
0014
0014
4710
8800
6800
6800
0004
0004
0004
0014
0014
0014
0014
0014
0014
0014
0004
0004
0014
4710
0004
0014
0011
4710
0014
0013
0014

POSSIBLE COMPENSATORY MITIGATION PARCELS IN RE: ROSEMONT MINE

PARCEL OWNER
BARCHAS SARAH ELIZABETH
BARCHAS SARAH ELIZABETH
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
PRUETT BARBARA H & H WAYNE TR
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMANY
SAN LAZARO LTD PARTNERSHIP
DUMBAULD JAMES L & BYRON JESSICA E TR
BURLESON BRADY W & VALERIE L CP/RS
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
ROSEMONT COPPER COMPANY
GOTTESMAN STACY M & MATTHEW J
SENG ALBERT F & REBECCA ELLEN CP/RS
CONOVER PATRICK & MELISSA CP/RS
HOLLMAN GREG & MARTINEZ JOEY A JT/RS
ACHILLES PRESTON Y & NANCY J TR
STEPP LAWRENCE MILTON & VICKI SUE JT/RS
LORENTSEN ROBERT N & NANCY B CP/RS
GRAY LYNETTE P
GRAY LYNETTE P
ALLSMAN AXELROD LIVING TR
DOWNING DOUGLAS J REVOCABLE LIVING TR
WILLIAMSON KENNETH E & GEORGIA D CP/RS
LEE YONG-JOO & YOUNG-RAN CP/R
BARCHAS FAMILY LLC
ARCHAEOLOGICAL CONSERVANCY (THE)
FELTMAN STEPHEN & RHONDA LIVING TR
TAYLOR BRADLEY E & NANCY J CP/RS
BARCHAS FAMILY LLC
CHIN JAE MAN & CHRISTINA YOO CP/RS
LIEBERTHAL DAVID H & BOWER CYNTHIA E CP/RS
MARRS CHRISTOHER DEAN & JOAN

ACRES
1
72

w
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5

6

6
10
10
10
10
10
10
36
36
15
36
37

1

1
36
72
18
36
36

DESCRIPTION
RANCHING
RANCHING
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
VACANT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
VACANT
VACANT
VACANT
ROSEMONT
ROSEMONT
ROSEMONT
ROSEMONT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
VACANT
RANCHING
VACANT
VACANT
VACANT
RANCHING
VACANT
VACANT
VACANT
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LOCATION
CORONADO FOREST
CORONADO FOREST
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
ROSEMONT PARCELS
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
ROSEMONT PARCELS
ROSEMONT PARCELS
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
ROSEMONT PARCELS
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST
CORONADO FOREST

DISTANCE TO
MINE (MILES)
3.0
2.7
1.7
2.0
2.1
2.0
2.4
2.1
2.0
2.0
2.0
2.0
2.4
2.6
2.6
2.1
2.2
2.3
2.2
3.0
2.6
2.6
2.7
2.8
2.8
2.8
2.9
2.9
3.4
3.8
3.7
3.7
3.2
3.1
3.1
3.2
3.0
3.1
2.9
3.1

TRS
151916E
151916E
161916E
161916E
161916E
161916E
161916E
161916E
161916E
171916E
171916E
171916E
211916E
211916E
211916E
211916E
211916E
211916E
211916E
221916E
151916E
151916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E
221916E

CLS
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
MULTI USE
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